
SANDIA REPORT 
SAND92 -0406 l UC - 706 
Unlimited Release 
Printed March 1993 

Characteristic and Development Report 
SA3581/MC4196 Lightning Arrestor 
Connector (LAC) 

Paul J. Konnick *8556311* 

Prepared by 
Sandia National Laboratories 
Albuquerque, New Mexico 87185 and Livermore, California 94550 
for the United States Department of Energy 

under Contract DE-AC04-78DP00789 

SF2900Q(8-81) 

130p 



Issued by Sandia National Laboratories, operated for the United States 
Department of Energy by Sandia Corporation. 
NOTICE: This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States Govern- 
ment nor any agency thereof, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, makes any warranty, express 
or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring 
by the United States Government, any agency thereof or any of their 
contractors or subcontractors. The views and opinions expressed herein do 
not necessarily state or reflect those of the United States Government, any 
agency thereof or any of their contractors. 

Printed in the United States of America. This report has been reproduced 
directly from the best available copy. 

Available to DOE and DOE contractors from 
Office of Scientific and Technical Information 

Oak Ridge, TN 37831 

Prices available from (615) 576-8401, FTS 626-8401 

Available to the public from 
National Technical Information Service 
US Department of Commerce 
5285 Port Royal Rd 
Springfield, VA 22161 

NTIS price codes 
Printed copy: A07 
Microfiche copy: A01 



SAND92 - 0406 
Unlimited Release 

Printed March 1993 

Distribution 
Category UC - 706 

Characteristic and Development Report 
SA3581/MC4196 

Lightning Arrestor Connector (LAC) 

Paul J. Konnick 
Connectors Division 

Sandia National Laboratories 
Albuquerque, NM 87185 

Greg Gabert, K. Bradley, and W. Washington 
Martin Marietta Specialty Components, Inc. 

Pinellas Plant 
P.O. Box 2908 

Largo, FL 34649 

Abstract 
This report describes the design, development, manufacturing processes, acceptance 
equipment, test results, and conclusions for the SA3581/MC4196 LAC program. Four 
development groups (Identified as Groups 1 through 3 and a Proof of Development 
Build) provided the evaluation criteria for the PPI/TMS production units. 



Acknowledgments 
The authors would like to acknowledge the contributions of the SNL staff in general, 
the SNL W89 Systems Group, and the staff at AMphenol-BCO. Thanks also to Betty 
Tolman of Technical Communications at Sandia. 

4 



Contents 
1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. SA3581 PPI Activities at BCO-A Follow-Up ................................................................................................... .47 

9. Alternate Source Proposal ...................................................................................................................................... 47 

10. Conclusions.. .............................................................................................................................................................. 47 

Introduction .............................................................................................................................................................. 9 

Design.. ....................................................................................................................................................................... 9 
Development Program ............................................................................................................................................. 11 
Manufacturing Processes.. ....................................................................................................................................... 11 
4.1 SA3581 Connector Assembly at BCO.. ........................................................................................................ .l 1 
4.2 MC4196 LAC Assembly at MMSC.. ............................................................................................................ .ll 

SA3581 Incoming Acceptance.. ............................................................................................................................... 13 
5.1 Incoming Test and Inspection-MMSC ..................................................................................................... .13 
5.2 Documents Required of BCO.. ..................................................................................................................... .13 
5.3 Test and Inspection ........................................................................................................................................ 13 

SA3581/MC4196 Acceptance Equipment ............................................................................................................ .13 
6.1 SA3581/MC4196 Environmental Testers.. .................................................................................................. .13 
6.2 SA3581 Acceptance Testing and Gaging ..................................................................................................... 14 
6.3 MC4196 Acceptance Testing and Gaging .................................................................................................... 16 

Test Results .............................................................................................................................................................. 19 
7.1 Phase 1 - Process Development ............................................................................................................... .19 

7.1.1 Set 1 Processing ................................................................................................................................... 19 
7.1.1.1 Problems Identified During Processing of Development Units ................................... .19 
7.1.1.2 Corrective Action.. ............................................................................................................... .23 

7.1.2 Set 2 Processing.. ................................................................................................................................. 23 
7.2 Phase 2 - Group 1.. ....................................................................................................................................... 23 

7.2.1 Electrical Testing of Connectors ....................................................................................................... 23 

7.22 Insulation Resistance Testing .......................................................................................................... .23 
7.2.3 Dielectric Withstanding Voltage Testing.. ...................................................................................... .24 
7.2.4 Contact Resistance Testing .............................................................................................................. .24 
7.2.5 Helium Leakage.. ................................................................................................................................. 24 
7.2.6 MC4196 Fabrication and Test Results ........................................................................................... .24 

7.2.6.1 Problems Identified During Processing of Phase 2 - Group 1.. ................................. .24 
7.2.6.2 Process Improvement ......................................................................................................... .29 
7-2.6.3 Corrective Action ................................................................................................................ .31 

7.3 Phase 3 - Group 2 ......................................................................................................................................... ‘31 . 

7.3.1 Electrical Testing of Connectors ...................................................................................................... .31 
7.3.2 Helium Leakage.. ................................................................................................................................. 31 
7.3.3 MC4196 Fabrication and Test Results ........................................................................................... .31 

7.3.3.1 Environmental Testing.. ..................................................................................................... .35 
7.3.3.2 Failure Analysis (902-D17-589) 35 ........................................................................................... 

7.4 Proof of Development Build.. ......................................................................................................................... 35 

7.4.1 Process Development 75 ............................................................................................................................ 
7.4.2 Proof of Development Build Evaluation.. ........................................................................................ .38 

7.5 Phase 4 - Group 3.. ........................................................................................................................................ 42 

5 



Corltmk (Continued)

Bibliography .......................................................................................................................................................................48
APPENDIX A—Laser Welding – SA3581 Metal Hood at BCO ...........................................................................A.l
APPENDIX B—SA3581/MC4196 Product Configuration System .........................................................................B.l
APPENDIX C—SA3581 Incoming Inspection ...........................................................................................................c.l
APPENDIX D—Evaluation Parameters Proof of Development Build ..................................................................D.l

APPENDIX E—MC4196 Producibility Assessment .................................................................................................E.l

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

MC4196 Lightning Arrestor Connector ................................................................................................................. 9
SA3581 Insert Assembly ........................................................................................................................................... 9

MC4078/MC4196 LAC and SA3642 Surge Protector ..........................................................................................lO
Manufacturing Process Flow, MC4196 LAC .........................................................................................................l3
494x199 Multi-Pin Connector Tester ...................................................................................................................l4
372x309 SA Connector Test Position ...................................................................................................................l5
Hewlett Packard Model 4274 LCR Meter, UA 6116 Contact Resistance Tester ............................................l6
PT3166 Particle Detection Tester .....................................................................0....................................................17

PT3290 LAC Tester ..................................................................................................................................................l8
Teflon Lifting Off Web and Epoxy Run-In (Pin 14) ...........................................................................................2l
Teflon Lifting Off Web and EPOXYRun-In (Pin 15) ...........................................................................................2l
Weld Penetration ......................................................................................................................................................23
FRB Test Data (Group l) ........................................................................................................................................25
Original and Modified Web Design ........................................................................................................................29

Visual Inspection Notches of the Web Laser Weld .............................................................................................29
Laser Weld Shields ...................................................................................................................................................3O
FRB Test Data (Group 2) ........................................................................................................................................32
FRB Test Data (Groups 1 and 2) ’33...........................................................................................................................!
Proof of Development Build FRB Test Data .......................................................................................................36
Proof of Development Build Thermal Cycling Profile ........................................................................................39
Proof of Development Build Thermal Cycling/Average IR Plots ......................................................................4O
Proof of Development Build Evaluation of Average FRB vs Temperature .....................................................4l
FRB Test Data (Group 3: First 19 units) ..............................................................................................................42
FRB Test Data (Group 3: Second 19 units) ..........................................................................................................43

6



1
2
3
4
5
6

7
8
9

10
11

12
13
14
15
16

17
18

19
20
21
22

23
24
25
26

SA3581 Manufacturing Process Flow .....................................................................................................................12
Connector Data (Process Development Units) .....................................................................................................19
In-Process Electrical Testing (Process Development Units) ..............................................................................2O
Acceptance Type Testing (Process Development Units) ....................................................................................2O
Thermal Cycling Data (Process Development Units: Insulation Resistance) ...a..............................................22
Thermal Cycling Data (Process Development Units: Fast Rise Breakdown) ..................................................22

Group 1

BCO and MMSC Serial Number for Group 1 ......................................................................................................23
In-Process Insulation Resistance ............................................................................................................................26
Acceptance Insulation Resistance (IR1) ................................................................................................................26
Acceptance Insulation Resistance (IR2) ................................................................................................................27
Summary of Post-Environmental Electrical Testing (Phase 2 – Group 1) ....................................................28

Group 2

BCO and MMSC Serial Numbers for Group 2........o............................................................................................3l
In-Process Insulation Resistance ............................................................................................................................34
Evaluative Insulation Resistance (IR1) .................................................................................................................34
Evaluative Insulation Resistance (IR2) .................................................................................................................35
Summary of Post-Environmental Electrical Testing (Phase 3 – Group 2) ....................................................36

Group 3

Evaluative Insulation Resistance (IR1) .................................................................................................................37
Evaluative Insulation Resistance (IR2) .................................................................................................................37

Group 3/Proof of Development Build

Mechanical Shock Testing (+X, +Z, and –Z Directions) ................................................................................38
Random Vibration (X and Z Direction –30 Minutes Each Direction) ............................................................38
MC4196 Thermal Cycling (Average IR in Megohms/IR Performed at 125 V) ................................................39
IR at 125 V/FRB/IR at 50 V Before and After Thermal Cycling .....................................................................44

Proof of Development Build

Summary of Insulation Resistance Testing (Phase 4/Group 3) .........................................................................45
In-Process Insulation Resistance ............................................................................................................................45
Evaluative Insulation Resistance (IR1) .................................................................................................................46
Evaluative Insulation Resistance (IR2) .................................................................................................................46



Acronyms
BCO
CER/DTER
DCWV
DEA
DOE
DS
DWV
EMP
EMR
ESD
FRB
GMS
I-IVA
ICR
IR
ITI
KCD

LAC
LJT
MMSC
01
PP
PPI
QER
QS
SA
SIN
SRAM
TMS
S/N MMSC
S/N BCO

UA
WR

Bendix Connector Operations
Complete Engineering Release/Drawing Transfer Engineering Release
direct current voltage withstanding
diethanolamine
Department of Energy
development specification
dielectric withstanding voltage
electromagnetic pulse
electromagnetic radiation
electrostatic discharge
fast rise-time breakdown
glass microsphere
high velocity accelerator
inductancelcapacitance resistance
insulation resistance
incoming test and inspection
Kansas City Division

lightning arrestor connector
long junior trilock
Martin Marietta Specialty Components, Inc.
operating instruction
Pinellas Plant
process prove-in
Qualification Engineering Release
quality survey
standard assembly
serial number
short-range attack missile
tool made sample
Serial Number Martin Marietta Specialty Components, Inc.
Serial Number Bendix Connector Operations
universal adapter
war reserve



Characteristic and Development Report
SA3581 /MC4196

Lightning Arrestor Connector (LAC)

1. Introduction
MC4196 lightning arrestor connector (LAC) de-

velopment activities started in FY88 to support the
MC4078 LAC and surge protector device. The
MC4078 is a major component in the CF2904 cable
assembly.

The MC4196 is a chemically prepared varistor
particle LAC (Figure 1) which was designed for the
W89 SRAM II Program. This LAC subassembly em-
ploys the LJT17-26 contact pattern and is designated
SA3581. Major external differences between this LAC
connector and other LACS are its length and the
addition of a stainless-steel hood over the blue insert
assembly that provides electrostatic discharge (ESD)
protection along with insert retention. Internally,
chemically prepared varistor material (them-prep) is
used for a controlled electrical breakdown under high
voltage surge conditions. Additionally, the web that
contains the varistor material is welded in place. The
double-ended contact design incorporates four tines;
this eliminates a one-point contact interface used on
standard LJT connectors.
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2. Design
The MC4196 consists of the SA3581 hermetically

sealed subassembly and LAC components. The
SA3581 connector (LJT07H-17-26S) is defined under
drawing number 411447. Connectors are purchased
from Amphenol-Bendix Connector Operations (BCO)
in Sidney, New York

The SA3581 connector design utilizes a double-
ended socket contact insert assembly that provides
four points of contact at the interfaces between the
male/female electrical circuits. This type of contact
design has been used successfully on commercial and
special Sandia applications in the past. The standard
LJT contact configuration of one-point contact has a
history of galling the male contact and producing
metallic flakes that result in inconsistent contact
resistance values. The double-ended contact assem-
blies are molded in place with blue fiberite thermo-
setting insulating material into a metal ESD hood
(Figure 2) that becomes an integral part of the insert
assembly.

Mc41Em

DOUBLE-ENDED
//_ CONTACT

Figure 1. MC4196 Lightning Arrestor Connector Figure 2. SA3581 Insert Assembly
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The hood is welded in place using a laser welding
operation (Appendix A). Welding of the hood ensures
a ground plane between the shell and insert assembly
while precluding damage and movement of the insert
assembly. An interracial gasket seal between the glass
and insert assembly provides dielectric standoff and a
moisture barrier for the contact pattern. The contacts
where they exit the glass on the backend are notched
to allow for straightening subsequent to the MC4196
processing operations.

The SA3581 features a smooth surface around the
outside of the connector barrel immediately adjacent
to the O-ring and mounting nut locations. This design
provides EMR protection after installation of the
assembly with its special mounting hardware in the
W89 system. Subsequent testing revealed that this
feature was unnecessary because the intimate contact
and recessed mounting location afford adequate EMR
protection. Because of cost and schedules, a new
design to eliminate these special EMR features (belt
and suspenders) was not created. An anti-rotational
tab was incorporated on the shell at the request of the
system designers; the tab provides a higher torquing
value than the original D-flat configuration.

New processes were developed specifically for the
MC4 196. Chemically prepared varistor granule mate-
rial replaced the mixed oxide material used in other
LACS due to it’s nearly 100% yield capability and an
improvement in insulation resistance. A laser-welding

METAL HOOO

M0uMTlN13 Mm

/ Vmlsma

process was developed to secure the web to the
connector housing. Laser welding the webldisc assem-
bly eliminates the need for machining internal threads
in the connector housing and fabricating a retainer
and washer that are standard in all other LACS for
securing the web/disc assembly. Using the laser-
welding process to join the web to the connector
housing also reduces the possibility of generating
metallic particulate during LAC assembly and im-
proves the electrical conduction path between the
web and connector.

Since the SA3642 adapter module (surge protec-
tion and filtering module) will be inserted into the
rear of the MC4196 LAC (Figure 3), a new encapsu-
lation process was developed to prevent possible
damage to the varistor particles when aligning the
contacts between the two components. The average
potting level was reduced from 0.375 to 0.150 * 0.020
for the encapsulant. In order to support these require-
ments, the mix of 8281carboxyl terminated butadiene
acrylonitrile (CTBN)/glass microsphere (GMB)/
diethanolamine (DEA) was chosen as the encapsulant.
This encapsulant replaced the less rigid epoxy and
polyurethane encapsulation system and meets the
new environmental safety requirements.

Appendix B lists in detail the complete product
configuration system for the SA3581 connector and
MC4196 LAC.
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Figure 3. MC4078/MC4196 LAC and SA3642 Surge Protector
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3. Development Program
The development program was divided into four

phases as defined in Task authorization number 1412-
400. Data obtained from Phase 1 determined the
direction of Phase 2 processing parameters. This
process continued for Phases 3 and 4 as well. Devel-
opment specifications were written for both the
SA3581 connector (DS41 1447) and the MC4196 LAC
(DS412084). The SA3581 insert assembly defined
product acceptance test parameters. Reliability of the
MC4196 LAC was paramount and relied on the
SA3581 to meet its design and margin testing require-
ments. Because of staffing changes, low manufactur-
ing priorities, poor quality procedures, lack of docu-
mentation and little operator training, the SA3581 as
manufactured by Amphenol-BCO was plagued with
processing and performance problems. These prob-
lems are documented in Section 4.

The basic design was presented as two distinct
assemblies where the LAC (MC4196) and surge/filter
module (SA3642) would be subassemblies of the
MC4078 LAC/surge device (Figure 3). A development
program was presented and agreed upon by all compo-
nent engineers: Sandia National Laboratories (SNL),
Allied Signal Kansas City Division (KCD), Martin
Marietta Specialty Components, Inc. (MMSC),
Pinellas Plant (PP), and Amphenol-Bendix Connector
Operations (BCO). The program’s four distinct phases
are described below.

Phase 1 was defined as the Design and Process
Assessment Phase. During this phase, the complete
MC4196 design package was reviewed for fit and
function including detail and assembly drawings,
specifications, materials, processes and manufactur-
ing requirements. To complete this phase of the
development program, fifteen SA3581 connectors
were processed at BCO and delivered to MMSC for
assembly into MC4196, which includes laser welding,
encapsulation, tooling, fixtures and assembly process
development.

Phases 2, 3, and 4 were based on actual fabrica-
tion, assembly, test, and evaluation of the SA3581
connector and MC4196 LACS. The combination of
connector and LACS are identified later as Groups 1
through 3.

In Phase 2, Group 1 LAC units were fabricated
with mixed oxide varistor material. This material
exhibits desired qualities, but varistor granule yields
have always been marginal. Therefore, in parallel
with the MC4196 Development Plan, a project was
instituted to replace mixed oxide varistor processing

with chemically prepared varistor granules. The
chemically prepared varistor material features 98%
yields and improved insulation resistance (IR) in the
LAC application. Data obtained from Phases 3 and 4
(Groups 2 and 3) used the new them-prep varistor
material which met all expectations.

4. Manufacturing
Processes

4.1 SA3581 Connector
Assembly at BCO

The SA3581 connector shells, contacts, contact
insert assembly, retaining nuts, seals, and gaskets are
manufactured at BCO. The fusing glass preform and
drawn metal hood are purchased from outside ven-
dors per BCO drawings. The contact pins are fused
into the connector shell, plated, and the contact insert
assembly is laser welded into the connector at BCO.

Manufacturing processes (Table 1) were estab-
lished on Development Groups 1, 2, 3, and Proof of
Development Build Lot. BCO developed manufactur-
ing process sheets at the request of MMSC and
SNLA. BCO operators were not trained in the use of
the double-fusing fixtures that are required to main-
tain contact pin concentricity and location. Because
of bent pins, glass see throughs, pins inserted upside
down, and uncleaned fixtures resulting in IR failures,
several runs had to be scrapped. Although the man-
ufacturing process sheets were very thorough and
were easily accessible, the operators went by repeti-
tion and did not always follow documented proce-
dures.

4.2 MC4196 LAC Assembly at
MMSC

MC4196 piece parts are manufactured at MMSC
and all varistor materials used for development and
production are formulated at MMSC. Piece parts
consist of a web/disk assembly and a teflon disk. The
disk is punched from O.010-inch thick sheet stock.
Figure 4 describes the operations required to fabri-
cate the web/disk assembly, teflon disk, and final
processing of the SA3581 connector assembly into the
MC4 196 LAC. Based on this process flow, production
operating instructions were generated into the MMSC
manufacturing system.
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Table 1. SA3581 Manufacturing Process Flow

MIN LOT QTY COST STD REC QTY REMARKS

BASIS DATE CHANGE SYM BURD RT CARD
2/28/90 ENG PRO CODE QTY

PART NUMBER NAME
10-5672146-26s CONNECTOR, HERMETIC

OPERATION NAME PROD HRS MACH OPER # DEPT
HR 100 CODE

DEGREASE

CLEAN

PRE-OXIDIZE

ASSEM IN FIX
FUSE

REM FROM FIX

PERMANGANATE

MASK

ELEC POLISH

REMOVE MASK
WIRE CONTACTS

PLATE CONTACTS

REMOVE WIRE

STRIP IMM GOLD

CLEAN

IN PROCESS CHK

CLEAN

ELECTRIC TEST
LEAK TEST

CLEAN SEAL
APPLY ADHESIVE

DRY ADHESIVE

CLEAN GLASS

BAKE ASSEMBLY

ASSEM IN FIX

CUBE ASSEMBLY
REM FROM FIX

ASSEMBLE INSERT

LASER WELD
INSPECT

ASSEMBLE PACKING
ASSEMBLE NUT

INK STAMP
BAKE
ELECT TEST

INSPECT
PACKAGE CONN

78-08

27-00

28-01

27-00

28-01
17-37

30-01
27-00

30-46
27-00

27-00

30-32
27-00

30-01
27-00

27-00

27-00

23-00

70-81
70-81

78-11
27-00

78-07
25-58

27-00

25-58

27-00

27-00

75-28
23-00
27-00
27-00

66-14
25-58
23-00

23-00
27-00

A 001

A 013

A 390
A 433

A 007
A 008

A 310

A 322
A 009

A 323

A 113

A 246
A 116

A 330

A 418

A 808

A 018

A 431

A 204
A 232

A 235
A 236

A 234

A 238

A 434

A 239

A 240

A 427

A 428
A 432
A 220

A 042
A 407

A 295
A 430

A 070
A 140

51

51

51

51

51
51

32
32

32
32

32

32

32

32
32

32
32

09

09
50
50

50

51

51

51

51

51

51

33

09
51
51
22

22

G9

G9
51
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Figure 4. Manufacturing Process Flow, MC4196 LAC

5. SA3581 Incoming
Acceptance

After SA3581 connectors are fabricated, in-
process testing and inspection are performed by
Amphenol-BCO. The connector is then subjected to
final lot acceptance tests and inspection per PS41 1447.
Lot acceptance testing with the exception of the
coupling and test prod damage which are accom-
plished at BCO, are the first tests performed upon
arrival of the SA3581S at MMSC. Lot acceptance
tests, performance testing and mechanical inspection
are performed to ensure compliance to PS41 1447-000
and Drawing 411447-01 before further processing is
done.

5.1 Incoming Test and
inspection—MMSC
(See Appendix C.)

Three distinctive groups were received at MMSC
from BCO. All groups were procured from BCO on a
Sandia Corporation Purchase Order
(P.O. 63-0759). Work was completed in incoming test
and inspection (ITI) on October 30, 1991.

5.2 Documents Required of BCO
Test records are supplied as required in

PS41 1447-000 on DF41 1447-000 reports of 10070 test

rejects and records of destructive testing at BCO. The
universal connector data form DF269657-001 has
been incorporated into the drawing set.

5.3 Test and Inspection
Test and inspection at BCO is performed on

testers and gages that are calibrated and controlled by
BCO. Test and inspection at MMSC is defined in the
“Quality Plan” as defined in FC914, 411447 Rev B,
issued on 8/15/91. This document meets “QC One”
requirements to assure the SA3581 connectors con-
formance to drawing definition 411447-01 and docu-
ment PS41 1447-000.

6. SA3581 /MC4196
Acceptance Equipment

6.1 SA3581 /MC4196
Environmental Testers

Lot sample environmental tests are: (1) mechanical
shock is performed 272x289 FHVA; (2) random vibra-
tion is performed on any available Building 200 shaker
meeting SA3581 parameters; (3) temperature shock is
performed during incoming test and inspection (ITI)
within the 494 x435 chamber. The same mechanical
shock and random vibration systems will be utilized for
MC4 196 LAC lot sample test conditioning.

13



6.2 SA3581 Acceptance Testing calibrated at MMSC. Contact resistance is performed

and Gaging
at 100 !?6on a commercially acquired HewIett Packard
Model 4274 Frequency LCR Meter (Figure 7) using

Upon completion of successful lot sample tests, dedicated test fixtures (UA5902-000 and UA6116-
acceptance testing and gaging, insulation resistance 000). An identical system is used for MC4196 LAC
(IR), 100!% and dielectric withstanding tests are per- contact resistance testing. Three dedicated gages
formed on tester 494X 199 (Figure 5) or 372X309 (MN411447-T1, T3, and T4) were designed, cali-
(Figure 6) which have been EQed and are defined and brated, and are controlled at MMSC for the SA3581.

Figure 5. 494)( 199 Multi-Pin Connector Tester

14



Figure 6. 372X309 SA Connector Test Position
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Figure 7. Hewlett Packard Model 4274 LCR Meter, UA 6116 Contact Resistance Tester

current voltage withstanding electrical testing are
6.3 MC4 196 Acceptance performed on the PT3290 LAC tester (Figure 9).

Testing and Gaging The backend gage, GA8255, was designed at
MMSC and assures true positioning of the backend

On completing the MC4196, LAC fabrication, pin arrangement. CER/DTER 91 113&3A was received
acceptance testing and gaging are accomplished. Also from Sandia Engineers: Paul Konnick (2551), Jack
particle detection testing is then performed on the Gallagher (2545), and Sherwood Duliere (7253). Paul

PT3166 particle detection tester (Figure 8). Insula- Konnick and L. K. Bradley (MMSC) have observed

tion resistance, fast rise-time breakdown, and direct the gage in use and find that it functions properly.
QER 920962SA was received in July 1992.

16



Fiaure 8. PT3 166 Particle Detection Tester
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Figure 9. PT3290 LAC Tester
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7. Test Results

7.1 Phase 1—Process
Development

A total of fifteen (15) SA3581 connectors were
received for laser welding, encapsulation, and assem-
bly process development. Two (2) were used for
encapsulation fixturing, one (1) for environmental
fixturing, and twelve (12) for evaluating actual pro-
cessing of connectors into functional LACS. Table 2
contains test results on the dummy connectors re-
ceived for process development activities. Product
acceptance specification values were DWV 1200 V
~ 60 Vdc, 2 see, IR 8.0 gigaohms min.

Table 2. Connector Data (Process
Development Units)

S/N SIN
(BCO) (MMSC) Failure Mode

0104
0150
0125
0105
0132
0113
0143
0103
0140
0124
0127
0144
0116
0145
0135

DO1
D02
D03
D04
D05
D06
D07
D08
D09
D1O
Dll
D12
D13
D14
D15

DWV <500 V*
DWV <500 V
DWV <500 V
DWV <500 V
DWV <500 V
Degraded IR* *
DWV <500 V
Degraded IR
DWV <500 V
DWV <500 V
DWV <500 V
DWV <500 V
DWV <500 V
Degraded IR
DWV <500 V

*DWV - dielectric withstanding voltage
**Degraded IR: IR is less than 8.0 gigaohms

7.1.1 Set 1 Processing
Five (5) connectors were selected for the first

functional process development build (Set 1). The
connectors selected for this build were 955-D07-B89,
955-D09-B89, 955-D1O-B89, 955-D14,B89 and 955-
D15-B89. All five units were processed through laser
welding, using processes developed with simulated
parts. After laser welding, one unit was sectioned to
evaluate weld penetration and web/disk positioning
in the connector shell. MMSC found the web/disc
assembly to be well positioned in the shell. From the
MMSC evaluation of the sectioned connector, it was
determined:

1) a need for more weld penetration
2) a need to verify power level of laser welder

before welding
3) a need to have a web and connector flange free

of burrs and with a maximum radius of 0.005.

The remaining four units were cleaned, filled with
mixed oxide varistor granules (SS349598-200), and
subjected to in-process electrical testing (Table 3).
The units were then forwarded to the Materials Lab
for encapsulation. Several LACS with the 26-pin con-
figuration were encapsulated with the new encapsulant
(828/CTBN/GMB/DEA) before processing these
units. The same pneumatic dispensing equipment
used with current encapsulant was employed with
the addition of a heating block to improve flow
through the syringe. All four units were free of voids
and within the required potting level which was
0.150 ~ 0.020. After encapsulation, the units were sub-
jected to acceptance type testing (Table 4). Three of
the units passed, but one contact of 955-D07-B89
showed an abnormally high fast-rise breakdown volt-
age. The unit was forwarded to the Component Prod-
uct Evaluation (CPE) Lab for defect analysis. The
analysis revealed that the teflon disc had lifted off the
web, allowing the granules to escape from the break-
down chamber of contact 15. Epoxy run-in was also
noted in the breakdown chamber of contacts 14 and
15 (Figures 10 and 11). After reviewing the analysis
and the encapsulation process, we realized that the
0.0695 diameter of the contact did not extend above
the web far enough to seat the teflon disc properly.

The three remaining units were thermal cycled per
DS412084. Temperature extremes were –49 to + 84”C.
LACS 955-D1O-B89 and 955-D14-B89 were subjected
to 20 cycles and 955-D15-B89, to 18 cycles (Table 5).
One fast-rise breakdown failure (S/N D14) was de-
tected (Table 6). Again, the loss of particles in the
breakdown chamber was due to the teflon disc not
seating properly. No insulation resistance failures oc-
curred during the testing. After cycle 18, S/N 955-D15-
B89 was shipped to BCO for processing.

7.1.1.1 Problems Identified During
Processing of Development Units

1)

2)

3)

4)

Unable to use present pin straightening tool
for centering pins after insertion of web/disk
assembly
Unable to properly seat teflon disk around
pins
Edge breaks on web and connector flange need
to be controlled, as well as the web’s flange
thickness
Inadequate weld penetration
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Table3. in-Process Electrical Testing (Process Development Units)

CONN CONN/WEB AFTER WELD IN-PROCESS
IR@125 V IR@125 V IR@125 V IR@125 V FRB

SIN (Megohms) (Megohms) (Megohms) (Megohms) (v)

Max.
D07 Avg.

Min.

1302350
1142986
1052986

1390120
1208659
1169754

1989812
1466700
1223331

6051
3019

752

948
892
807

Max.
D1O Avg.

Min.

1248751
1103291
1006603

1356483
1242651
1099191

1812382
1592385
1204587

8135
4881
1744

966
914
844

Max.
D14 Avg.

Min.

1358105
1121800
1022327

1403548
1185958
1040972

1766285
1454699
1301134

5059
2696

599

942
886
764

Max.
D15 Avg.

Min.

1328515
1140580
1081034

1324012
1174750
1097550

1701606
1418767
1223930

7586
4277
1507

973
890
790

Table 4. Acceptance Type Testing (Process Development Units)

IR@125 V FRB IR@125 V
SIN (Megohms) (v) (Megohms)

Max. 10735 1022
D07* Avg. 1103 847

Min. 166 743

1869
166

9

Max. 1934 967
D1O Avg. 1021 887

Min. 359 811

250
147

28

Max. 8553 899
D14 Avg. 1925 822

Min. 388 660

492
263

22

Max. 5028 941
D15 Avg. 182 854

Min. 247 793

786
298

29

*Insufficient level of particles in breakdown chamber
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Figure 11. Teflon Lifting Off Web and Epoxy Run-In (Pin 15)
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Table5. Thermal Cycling Data (Process Development Units)

INSULATION RESISTANCE (Megohms)

SIN Cycle 4 Cycle 7 Cycle 15 Cycle 18 Cycle 20

Max.
D1O Avg.

Min.

Max.
D14 Avg.

Min.

Max.
D15 Avg.

Min.

2028
1034

177

14007
2495

516

3228
1491
595

1625
8’76

36

3050
1836
696

3687
1438

100

1587
768

13

2335
1141

289

3448
1200

83

1739 1310
716 593

66 55

2080 2534
998 941
330 188

3066
1109

47

Table 6. Thermal Cycling Data (Process Development Units)

FAST-RISE BREAKDOWN (V)

SIN Cycle 4 Cycle 7 Cycle 15 Cycle 18 Cycle 20

Max. 957 971 968 945 972
D1O Avg. 882 877 880 872 869

Min. 817 803 806 789 812

Max. 939 999 1192 1038 1062
D14* Avg. 841 843 834 . 813 824

Min. 747 763 688 651 734

Max. 933 921 925 915
D15 Avg. 842 834 836 834

Min. 747 763 753 777

*Contact failed FRB testing, maximum allowable per DS is 1100 Vdc.



7.1.1.2 Corrective Action
1)

2)

3)

4)

To aid pin straightening and seating of the
teflon disc, the 0.0695 diameter of the pin
must be lengthened a minimum of 0.100.
Design a new tool for initial alignment of the
pin, and use present tool for final alignment.
Change web drawing to specify a maximum
radius of 0.005 and the web flange to a thick-
ness of 0.015 +0.000/– 0.003.
Increase power level of the laser welder to
increase weld penetration

7.1.2 Set 2 Processing
Set 2 consisted of three connectors. The connec-

tors selected were 955-D03-B89, 955-D04-B89, and
955-D08-B89. The primary purpose of processing
these units was to increase weld penetration and
integrity. One unit was sectioned after laser weld and
the remaining two were processed through encapsu-
lation. Figure 12 is a photo of one of the welds. The
penetration is about 0.005 into the shell flange. Some
microcracking was observed during the analysis. After
processing Set 2 units, MMSC discovered that the
laser welder was malfunctioning during the welding of
Set 1 and 2 process development units. This ac-
counted for the decreased penetration encountered
during the laser welding of Set 1 units. The welding
parameters were later optimized during the process-
ing of the Phase 2 – Group 1units due to scheduling.

Figure 12. Weld Penetration

7.2 Phase 2 – Group 1
Thirty-three SA3581 connectors were received

from BCO as Phase 2 – Group 1 units for the first
development build. All thirty-three (33) SA3581 con-
nectors were serialized (Table 7) and forwarded to
MMSC’S Incoming and Inspection laboratory. The
incoming test and inspection process was based on a
modified SA3581 Development Specification,
DS41 1447, and on a modified SA3037 connector prod-
uct specification (PS 318828). The testing covered
four main areas: visual inspection, electrical,
hermeticity, and dimensional. Connectors were not
subjected to D-tests such as test prod damage and
temperature cycling.

Table 7. BCO and MMSC Serial Number
for Group 1

SIN SIN SIN SIN
(MMSC) (BCO) (MMSC) (BCO)

DO1 142 D18 138
D02 128 D19 126
D03 136 D20 106
D04 149 D21 111
D05 137 D22 133
D06 146 D23 117
D07
D08
D09
D1O
Dll
D12

02 D24
30 D25
34 D26
51 D27
21 D28
39 D29

10
08
20
07
14
15

D13 148 D30 118

D14 123 D31 147
D15 122 D32 158

D16 109 D33 154

D17 129

7.2.1 Electrical Testing of
Connectors

All 33 connectors were subjected to three types of
electrical tests: insulation resistance, dielectric with-
standing voltage (DWV), and contact resistance.

7.2.2 Insulation Resistance Testing
Insulation resistance testing was performed at

500 Vdc. Each contact was required to have a mini-
mum IR of 8000 megohms. All 33 units passed insu-
lation resistance testing.
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7.2.3 Dielectric Withstanding Voltage
Testing

Dielectric withstanding voltage testing detects
contamination within or on the surface of the glass
and hold-off capability between the hood and contact.
This test subjects each contact (pin) to 1200 * 5‘%
Vdc for 2 seconds, minimum. Contact 10 of S/N 0120
and contact 3 of S/N 0134 failed dielectric withstand-
ing voltage testing. Testing was performed without an
interracial gasket between the SA3581 connector and
the test adaptor, but the breakdowns did not appear
to be across the hood interface.

7.2.4 Contact Resistance Testing
Contact resistance testing measures the electrical

resistance of each pair of mated contacts (SA3581
connector and its mating connector) by measuring, at
the extreme ends, the voltage drop across the contacts
while they carry five amps of current. The maximum
voltage drop is not to exceed 65 millivolts. No failures
were detected during contact resistance testing.

7.2.5 Helium Leakage
The hermeticity testing consisted of performing a

helium leak check on all 33 connectors. The maximum
leak allowed is 10-G cc/s. No failures were detected
during helium leak checking.

7.2.6 MC4196 Fabrication and Test
Results

Table 7 shows the BCO and MMSC serial number
for each of the 33 connectors processed. The only
material change as a result of process development
activities was the teflon disc. A standard teflon disc is
0.010 inch thick. For the Phase 2 – Group 1 units, a
0.031-inch-thick teflon disc was used since the 0.0695
contact diameter of Group 1 units was the same as the
process development units. Increasing the thickness
made the disc more rigid and less dependent on the
0.0695 contact diameter (employed to prevent epoxy
run-in and/or particles loss from breakdown cham-
ber). No major problems were encountered during
processing. Evaluative testing consisted of the follow-
ing electrical test sequence:

Insulation resistance (IR1) @ 125 V
DC voltage withstanding (DCWV) @ 100 V
Fast rise-time breakdown
Insulation resistance (IR2) @ 125 V

Figure 13 contains plots of in-process and accep-
tance (evaluative) FRB test data for the 33 MC4196
LACS. Tables 8 through 10 summarize the insulation
resistance testing during processing. Minimum IR per
DS412084 is 2 megohms. IR testing was also used
during processing as a status indicator to determine
process cleanliness and repeatability. A 500 V IR test
was performed after each processing sequence prior to
filling the chambers with varistor particles.

Four (4) units were subjected to various environ-
mental tests per Development Specification, MC4196
(DS412084). No physical damage or electrical failures
occurred during the testing. The following units were
selected for environmental testing from Phase 2 –
Group 1: 962-D07-B89, 962-D09-B89, 962-D16-B89
and 962-D26-B89. Table 11 contains the evaluative
test results for the four units subjected to D-Test.
DCWV testing was not performed on 962-D09-B89
and 962-D 16-B89, due to a shorted contact on each
LAC. These units failed DWV during incoming in-
spection of the connectors.

During the processing and testing of Phase 2 –
Group 1 units the problems were identified in the
following sections.

7.2.6.1 Problems Identified During
Processing of Phase 2 – Group 1

1)

2)

3)

4)
5)

Unable to use standard pin straightening tool
for centering pins after installing the web/disc
assembly.
Unable to seat teflon disc around contacts
(pins).
Edge breaks on web and connector flange
needed to be controlled, as well as the web’s
flange thickness.
Limited weld penetration.
Need for a better cleaning process during and
after laser welding.
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Table 8. In-Process Insulation Resistance

Pins LACS
Range Pins Below LACS Below

Lower Upper Within Upper Within Upper
Limit Limit Range Limit Range Limit

o
4
7
10
40
70
100
400
700
1000
4000
7000
10000
40000
70000
100000
400000
700000

MC Type
Num of LACS
Num of Pins
Mean Value
STD DEV
Max. Value
Min. Value

4
7
10
40
70
100
400
700
1000
4000
7000
10000
40000
70000
100000
400000
700000
1000000

MC4196
= 33
= 858
= 49344
= 116033
= 639975
=0

2
0
0
0
0
0
0
0
0
99
285
125
91
200
0
5
51
0

2
2
2
2
2
2
2
2
2
101
386
511
602
802
802
807
858
858

2
0
0
0
0
0
0
0
0
18
20
15
17
13
0
3
3
0

Pin 3: 962-D09-B89 (Shorted)
Pin 10 962-D26-B89 (Shorted)

2
2
2
2
2
2
2
2
2
18
20
20
31
33
33
33
33
33

Table 9. Acceptance Insulation Resistance (lRI)

Pins LACS
Range Pins Below LACS Below

Lower Upper Within Upper Within
Limit

Upper
Limit Range Limit Range Limit

o 4 2 2 2
4 7 : 2 0 2
7 10 0 2 0 2
10 40 2 2
40 70 ; 2 : 2
70 100 0 2 0 2
100 400 0 2 0 2
400 700 0 2 0 2
700 1000 0 2 0 2
1000 4000 0 2 0 2
4000 7000 0 2 0 2
7000 10000 0 2 0 2
10000 40000 1 3 1 3
40000 70000 3 6 3 6
70000 100000 0 6 0 6
100000 400000 8 14 7 11
400000 700000 380 394 31 31
700000 1000000 464 858 32 33

MC Type MC4196
Num of LACS = 33
Num of Pins = 858 Pin 3: 962-D09-B89 (Shorted)
Mean Value = 694068 Pin 10: 962-D26-B89 (Shorted)
STD DEV = 111396
Max. Value = 973520
Min. Value =0
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Table 10. Acceptance Insulation Resistance (IR2)

Pins LACS
Range Pins Below LACS Below

Lower Upper Within Upper Within Upper
Limit Limit Range Limit Range Limit

o 4 2 2 2 2
4 7 0 2 0 2
7 10 0 2 0 2
10 40 0 2 0 2
40 70 0 2 0 2
70 100 0 2 0 2
100 400 1 3 1 3
400 700 0 3 0 3
700 1000 0 3 0 3
1000 4000 0 3 0 3
4000 7000 0 3 0 3
7000 10000 1 4 1 4
1000O 40000 452 456 31 32
40000 70000 338 794 30 33
70000 1000OO 0 794 0 33
100000 400000 33 827 3 33
400000 700000 31 858 3 33
700000 1000000 0 858 0 33

MC Type MC4196
Num of LACS = 33
Num of Pins = 858 Pin 3: 962-D09-B89 (Shorted)
Mean Value = 65200 Pin 10: 962-D26-B89 (Shorted)
STD DEV = 96587
Max. Value = 698207
Min. Value =0
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Table 11. Summary of Post-Environmental Electrical Testing
(Phase 2 – Group 1)

962-D07-B89

Acc;~~ce Mech Shock I Random Vib I Temp Cycle I
(375 g to 5 ms) (20000.67g2 Hz) (8 Cycles)

IR1
(125 V)

DCWV
(loo v)

FRB

IR2
(125 V)

IR1
(125 V)

FRB

IR2
(125 V)

IR1
(125 V)

DCWV
(loo v)

FRB

IR2
(125 V)

IR1
(125 V)

FRB

IR2
(125 V)

Max.
Avg.
Min.

Pm

Max.
Avg.
Min.
Sig.

Max.
Avg.
Min.

Max.
Avg.

Max.
Avg.

Max.
Avg.

Max.
Avg.
Min.

(P/F)

Max.
Avg.
Min.
Sig.

Max.
Avg.
Min.

Max.
Avg.

Max.
Avg.

Max.
Avg.

791289
654632
469061

(P)

908
866
827

20

48553
34665
27033

763405
651948
490696

(P)

897
867
794

22

47209
38471
30710

847458
700385
507285

(P)

904
870
823

19

501545
212863
32773

962-D09-B89

Acc;;&nce Mech Shock I
(375 g to 5 ms)

744225 803600
636066 679136

903 033
831 857

41300 50086
31340 37937

962-D 16-B89

Acceptance Temp Cycle I
Data (8 Cycles)

800974 639353
709506 578931
514933 469189

(P) (P)

882 882
856 854
828 836

15 12

47108 30300
37646 21321
29708 13430

962-D26-B89

Acc;;~ce Mech Shock I
II (375 g tO 5 ms)

770986 780713
678192 666540

927 929
880 864

66592 55110
53423 43269

706294
576409
409380

(P)

883
848
777

25

33171
19847
10847

Mech Shock II
(560 g to 5 ms)

764339
654985

903
855

54277
37175

Temp Cycle II
(40 Cycles)

380309
26547
18688

(P)

859
838
806

12

11179
6377
2858

Mech Shock
(560 g to 5 ms)

901031
789897

873
833

58053
48842
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7.2.6.2 Process improvement
Process development activities prior to the arrival

of Group 2 connectors focused on developing a reli-
able laser welding and cleaning process for joining the
web/disc assembly to the connector shell and subse-
quent cleaning. Simulated piece parts were fabricated
and laser welded. During visual inspection of the first
group of simulated piece parts, there was no sure
method of determining the integrity of the weld or a
laser welder malfunction. In an effort to develop some
visual inspection technique, the geometry of the web
was modified. The web was redefined to include two
notches, 180° apart. Figure 14 shows the original and
the modified web design. The notches serve two
purposes: 1) they provide some degree of visual in-
spection of the laser weld, and 2) they aid in aligning
the web during insertion into the connector.

Once the new webs were fabricated, six more
simulated assemblies were fabricated and laser welded
Figure 15. The assemblies were then evaluated to
determine the weld penetration into the shell flange
and the force needed to separate the webldisc assem-
bly from the shell flange.

a) Without Notches (original)

b) With Notches (modified)

Figure14.Original and
Modified Web Design

Three simulated assemblies were sectioned to
determined the circumferential and depth penetra-
tion of the laser weld. Both weld width and penetra-
tion were evaluated. Weld width, as measured at the
surface of the connector flange, varied between 10 and
14 roils. The penetration of the weld was a maximum
of 0.0005 to 0.004 for 230°.

The remaining three assemblies were fixtured in a
press to determine the force necessary to separate the
web from the connector flange. The force required to
break the web weld ranged from 900 to 2300 pounds.
The lower force was obtained from a specimen that
only had a minor amount of circumferential weld
length penetration (600). The larger number was
obtained from a specimen with a nominal amount of
circumferential weld length (180° to 230° ).

Finally, to reduce contamination on the connector
inner wall from the welding process, a brass shield was
fabricated. The shield slips down the inner wall of the
connector to approximately 0.100 inch above the web
flange (see Figure 16).

. .7

/we’”
a) View of Weld Flow in Notch

,,
:*,.

,,: :1

,:; .’.,
.,,.

..
,/ ---

f-b’-%
b) View of Opposite Notch Weld Flow

Figure 15.Visual Inspection Notches of
the Web Laser Weld
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7.2.6.3 Corrective Action
1)

2)

3)

4)

5)

6)

7.3

Extended and tapered the 0.0695-diameter
portion of the contact to aid teflon disc instal-
lation and pin (contact) centering. A new pin
alignment tool was designed and fabricated to
aid in the initial centering of pins.
Changed the geometry of the web to support
weld penetration, alignment during installa-
tion, and to provide some method of visually
inspecting the laser weld.
Modified contact shield and added another
welding shield to aid cleaning during and after
laser welding.
Employed them-prep varistor particles.
Serialized on backend mounting flange, rather
than around the barrel of the connector.
Marked contact designation on the metal hood.

Phase 3 – Group 2
Of the 33 Group 2 SA3581 connectors received, 23

were forwarded to the MMSC Incoming and Inspec-
tion Lab. The incoming test and inspection process
was based on a modified SA3581 PS. The testing
again covered four main areas: visual inspection,
electrical, hermeticity, and dimensional checks. Con-
nectors were not subjected to D-tests such as test
prod damage and temperature cycling.

7.3.1 Electrical Testing of
Connectors

Twenty-three connectors were subjected to three

types of electrical tests: insulation resistance, dielec-

tric withstanding voltage, and contact resistance.

Insulation resistance testing was performed at

500 t 25 Vdc. Each contact was required to have a
minimum IR of 8000 megohms, and all 23 units
passed. Dielectric withstanding voltage testing de-
tects contamination within or on the surface of the
glass and hold-off capability between the hood and
contact. This test subjects each contact (pin) to
1200 t 5% Vdc for 2 seconds minimum. No failures
were detected. Contact resistance testing measures
the electrical resistance of each pair of mated contacts
(SA3581 connector and its mating connector) by
measuring, at the extreme ends, the voltage drop
across the contacts while they are carrying 5 amps of
current. The maximum voltage drop is not to exceed
65 millivolts. No failures were detected during contact
resistance testing. The remaining 10 were retained in
the LAC development lab for development activities.

7.3.2 Helium Leakage
The hermeticity testing consisted of performing a

helium leak check on 23 connectors. The maximum
leak allowed is 10’6 cc/s. No failures were detected
during leak testing.

7.3.3 MC4 196 Fabrication and Test
Results

Table 12 shows the BCO and MMSC serial num-
ber for each of the 33 connectors processed. A stan-
dard O.010-thick teflon disc was used for the Phase
3 – Group 2 units. No major problems were encoun-
tered during processing. MMSC performed the same
evaluative testing as they did in Group 1. Figure 17
contains plots of in-process and acceptance (evalua-
tive) FRB test data for the 33 MC4196 LACS. Figure
18 contains a plot of Group 1 and Group 2 FRB test
results. There was no significant difference between
mixed oxide (Group 1) and them-prep varistor (Group
2). Tables 13 through 15 summarize the IR testing
during processing. A 500 Vdc IR test was performed
after each processing sequence prior to filling the
pin-to-web gaps with varistor particles (them-prep) to
determine process cleanliness and repeatability. As
noted in Table 13, Pin No. 24 of 902-D 17-J89 failed
the first IR and FRB test during evaluative testing.
The analysis of this failure is discussed below under
“Failure Analysis (902 -D17-J89).”

Table 12. BCO and MMSC Serial Number

for Group 2

SIN SIN SIN SIN
(MMSC) (BCO) (MMSC) (BCO)

DO1
D02
D03
D04
D05
D06
D07
D08
D09
D1O
Dll
D12
D13
D14
D15
D16
D17

0235
0228
0229
0230
0231
0232
0233
0234
0236
0217
0218
0219
0220
0221
0222
0223
0216

D18
D19
D20
D21
D22
D23
D24
D25
D26
D27
D28
D29
D30
D31
D32
D33

0227
0226
0224
0225
0203
0204
0205
0206
0207
0208
0209
“O21O
0211
0213
0214
0215
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Figure17. FRB Test Data (Group 2)
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Table 13. In-Process Insulation Resistance

Pins LACS
Range Pins Below LACS Below

Lower Upper Within Upper Within Upper
Limit Limit Range Limit Range Limit

o
4
7
10
40
70
100
400
700
1000
4000
7000
10000
40000
70000
100000
400000
700000

MC Type
Num of LACS
Num of Pins
Mean Value
STD DEV
Max. Value
Min. Value

4 0
7 0
10 0
40 0
70 0
100 0
400 0
700 0
1000 0
4000 87
7000 771
10000 0
40000 0
70000 0
100000 0
400000 0
700000 0
1000000 0

MC4196
= 33
= 858
= 4642 Megohms
= 501
= 6294
= 3046

0
0
0
0
0
0
0
0
0
87
858
858
858
858
858
858
858
858

0
0
0
0

:
0

;
22
33
0

:
0
0
0
0

0
0
0
0

:
0
0
0

:;
33
33
33
33
33
33
33

Table 14. Evaluative Insulation Resistance (lRI)

Pins LACS
Range Pins Below LACS Below

Lower Upper Within Upper Within
Limit

Upper
Limit Range Limit Range Limit

o 4 1 1 1 1
4 7 0 1 0 1
7 10 0 1 0 1
10 40 0 1 0 1
40 70 1 0 1
70 100 : 1 0 1
100 400 0 1 0 1
400 700 0 1 0 1
700 1000 3 4 3 4
1000 4000 792 796 33 33
4000 7000 62 858 11 33
7000 10000 0 858 0 33
10000 40000 0 858 0 33
40000 70000 0 858 0 33
70000 100000 0 858 0 33
100000 400000 0 858 0 33
400000 700000 0 858 0 33
700000 1000000 0 858 0 33

MC Type MC4196
Num of LACS = 33
Num of Pins = 858
Mean Value = 3268 Megohms
STD DEV = 574
Max. Value = 4828
Min. Value =0 Pin No. 24 -902 -D17-J89 (Shorted)
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Table 15. Evaluative Insulation Resistance (IR2)

Pins
Range

LAGs
Pins Below LACS Below

Lower Upper Within Upper Within Upper
Limit Limit Range Limit Range Limit
o 4 0 0 0 0
4 7 0 0 0 0
7 10 0 0 0 0
10 40 0 0 0 0
40 70 0 0 0 0
70 100 0 0 0 0
100 400 10 10 7 7
400 700 141 151 31 31
700 1000 635 786 33 33
1000 4000 72 858 21 33
4000 7000 0 858 0 33
7000 10000 0 858 0 33
10000 40000 0 858 0 33
40000 70000 0 858 0 33
70000 100000 0 858 0 33
100000 400000 0 858 0 33
400000 700000 0 858 0 33
700000 1000000 0 858 0 33

MC Type MC4196
Num of LAGs = 33
Num of Pins = 858
Mean Value = 818 Megohms
STD DEV = 143
Max. Value = 2011
Min. Value = 247

7.3.3.1 Environmental Testing
Two units were subjected to environmental tests

per the MC4196 development specification (DS412084)
at room temperature. No physical damage or electrical
failures occurred during the testing. The following
units were selected for environmental testing: 962-
D07-B89 and 902-D1O-J89. Table 16 summarizes the
evaluative test results for the two units subjected to
D-test.

7.3.3.2 Failure Analysis (902-D 17-J89)
The data recorded during evaluative (acceptance)

testing suggested a conductive particle of some kind
was bridging the pin-to-web gap of Pin 24 during the
first IR and subsequent FRB test. After FRB testing,
Pin 24 appeared to be normal since it passed the
DCWV and final IR testing. The final IR was 2011
megohms, which was the highest IR measurement
recorded. An IR measurement of this magnitude after
an FRB test, confirms that the particles were not
subjected to the test and that some other path of
conduction was present during the FRB test on Pin
24. Comparing the measured IR of Pin 24 with the
remaining 25 pins supports this assumption. Follow-

ing evaluative testing, the unit was subjected to
particle detection testing at 100 Vdc. No particles
were detected during the test. The unit was then
retested and passed all evaluative tests. Based on the
above analysis and testing, it appears that the con-
ductive path present during initial testing was elimi-
nated during the first FRB test.

7.4 Proof of Development Build
A proof of development build was not initially

scheduled as part of the development process. How-
ever, when the Group 3 units were fused by BCO, the
glass flowed into the contact stress relief area, causing
possible glass fracture propagation points. Subse-
quently, these units were identified as “proof of
development build” or processing units for PP evalu-
ations.

7.4.1 Process Development
Thirty units were received and identified as proof

of development build (PPs). A Development Quality
Program was in place to administer those activities
necessary to assure controlled and capable processes
are defined prior to process prove-in builds. To
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Table 16. Summary of Post-Environmental Electrical Testing
(Phase 3 – Group 2)

*IRI
(125 V)

DCWV

FRB (V)

*IR2
(125 V)

*IR1
(125 V)

DCWV
(loo v)

FRB (V)

*IR2
(125 V)

Max.
Avg.
Min.

Max.
Avg.
Min.
Sig.

Max.
Avg.
Min.

Max.
Avg.
Min.

Passed

Max.
Avg.
Min.
Sig.

Max.
Avg.
Min.

Acc;~t~gce After Mech Aftsr Random
Shock (375 g’s) Vib/Cycling

902-D07-J89

3463 4478
2834 3707
1366 1587

Passed Passed

903 894
876 876
812 833
21 16

1021 1009
734 821
470 632

902-D 1O-J89

3827 4698
3082 3842
1284 1386

Passed Passed

908 907
888 882
864 857
12 10

985 1019
813 858
536 588

2198
1877
1116

Passed

909
892
827
17

491
386
320

2360
1989
1096

919
905
880
10

488
407
321

*IR Values in Megohms

achieve this goal, the proof of development build was
fabricated, inspected and tested as closely as possible
to the way WR products would be handled. Most of
the action items in the quality program were geared
towards preparing for the proof of development build
and supported the Department Plan issued by
Producibility Engineering.

To accomplish this, Operating Instructions (01s)
were drafted for production use. Once the processes
were documented, flow tags were generated and the
units forwarded for assembly.

Figure 19 contains a plot of acceptance (evalua-
tive) FRB testing of the 30 units fabricated as the
proof of development
marize IR testing.
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Number of LACS220 33
Numberof Pins 780
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Figure19.Proof of Development Build FRB Test Data



Table 17. Evaluative Insulation Resistance (IR1 )

Pins
Range

LACS
Pins Below LACS Below

Lower Upper Within Upper Within Upper
Limit Limit Range Limit Range Limit

o 4 0 0 0 0
4 7 0 0 0 0
7 10 0 0 0 0
10 40 0 0 0 0
40 70 0 0 0 0
70 100 0 0 0 0
100 400 2 2 1 1
400 700 14 16 9 9
700 1000 48 64 17 19
1000 4000 716 780 30 30
4000 7000 0 780 0 30
7000 10000 0 780 0 30 ‘

MC Type MC4196
Num of LACS = 30
Num of Pins = 780
Mean Value = 1362 Megohms
Std Dev = 254
Max. Value = 2168
Min. Value = 155

Table 18. Evaluative Insulation Resistance (IR2)

Pins LACS
Range Pins Below LACS Below

Lower Upper Within Upper Within Upper
Limit Limit Range Limit Range Limit

o 4 0 0 0 0
4 7 0 0 0 0
7 10 0 0 0 0
10 40 0 0 0 0
40 70 1 1
70 100 : : 2 2
100 400 757 760 30 30
400 700 20 780 7 30
700 1000 0 780 0 30
1000 4000 0 780 0 30
4000 7000 0 780 0 30
7000 10000 0 780 0 30

MC Type MC4196
Num of LACS = 30
Num of Pins = 780
Mean Value = 306 Megohms
Std Dev = 52
Max. Value = 458
Min. Value = 58
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7.4.2 Proof of Development Build
Evaluation

Groups 1 and 2 from the Development Builds
were subjected to environmental testing at room
temperature only. Environmental testing of Group 3
units was also planned to be performed at room
temperature. In order to determine the performance
of the MC4196 LAC in SRAMII environments, 16
units were randomly selected from the Proof of De-
velopment Build and evaluated at low ( – 55° C) and
high (+ 85”C) temperatures. Appendix D details the
evaluation parameters and identifies the test samples.

Tables 19, 20, and 21 summarize the environmental
test results. Table 22 summarizes insulation resis-
tance testing before and after thermal cycling. Pre-
cycling FRB data is also included in Table 22 for
reference. Figure 20 contains the thermal cycling
profile for the 16 units selected. Figure 21 contains
plots of the results compiled on three of the units
identified in Table 21. Figure 22 is a plot of average
FRB vs temperature. Appendix E has a producibility
assessment summary based on the Proof of Develop-
ment Build.

Table 19. Mechanical Shock Testing (+X, +2, and –Z Directions)

+94°C 903-DO1-H90 903-D08-H90 903-D17-H80 903-D23-H90

Average IR FRB IR FRB IR FRB IR FRB—.
Baseline G40 E fi16 836 1016 ~ G13 K

After 375 g 376 272 101 152
6.0 ms

After 475 g 168 128 42 66
6.0 ms

After 575 g 131 848 109 828 49 846 55
6.0 ms

834

–55°C 903-D04-H90 903-D07-H90 903-D1O-H9O 903-D13-H90

Average ~ FRB IR FRB IR FRB IR FRB—— —— ——
Baseline 1728 866 1282 857 1496 843 1022 834

After 375 g 1726 1368 1626 1184
6.0 ms
After 475 g 1691 1333 1532 1166
6.0 ms

After 575 g 1632 872 1388 869 1613 851 1276 842
6.0 ms

Table 20. Random Vibration (X and Z Direction –30 Minutes Each
Direction)

+85°C 903-D09-H90 903-D1l-H90 903-D12-H90 903-D15-H90

Average ~ FRB IR FRB IR FRB IR FRB—— —— ——
Baseline 1357 847 1529 843 1393 855 1781 E

2000.67 g2 Hz 117 874 293 864 132 870 178 881
(X and Z)

20001.0 g’ Hz 640 861 240 867 180 860 256 873
(X and Z)

–55°C 903-D03-H90 903-D05-H90 903-D06-H90 903-D27-H90

Average IR FRB IR FRB ~ FRB IR FRB——
Baseline ;66 K F91 z 1533 841 1270 844

2000.67 g’ Hz 1631 855 1702 864 2012 869 1692 869
(X and Z)

20001.0 g2 Hz 1783 862 1404 852 1719 867 1525 871
(X and Z)
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Table 21. MC4196 Thermal Cycling (Average IR in Megohms/lR Performed at 125 V)

Cycle # Do1 *D03 *Do4 D05 D06 D07 *D08 D09 *D1O *D1l D12 D13 *D15 D17
** “D23 *D27

** **

o
8

16

24

32

40

48

56

64

72

80

88

96

104

112

131 1783

1010

878

775

666

670

553

580

594

532

557

540

493

520

80 478

1632

672

544

427

341

292

276

230

217

187

172

162

137

132

123

1404 1719 1388 109

91

73

53

42

34

26

21

16

21

42

51

53

57

386 705 19 57

64 1613 240

.
‘“- ‘2i14’ 292

149 264

117 244

89 242

73 263

96 247

98 238

98 211

91 236

83 214

81 230

181 80 224

*D03, D04, D08, D1O,D11, D15, D23, and D27 were tested during cycling
**Data plotted In Figure 21 Lower Limit for IR = 2 Megohms

180 1276 256

323

303

285

254

237

230

253

252

219

238

231

201

229

166 99 206

49 55

49

44

36

31

26

22

19

28

36

40

41

40

40

26 40

1525

766

865

730

672

694

654

657

640

587

636

617

572

595

578
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Figure20. Proof of Development Build Thermal Cycling Profile
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7.5 Phase 4 – Groun 3 MC4 196 Fabrication and Test Results.

Due to problems with the connector processing at There were no significant processing changes in-

BCO, Group 3 connectors exhibited IR problems.
corporate between Group 2 and Group 3 connectors.

Therefore two lots of 19 each were supplied to MMSC.
Figure 23 contains plots of in-process and acceptance

Although the units were acceptable per the product
FRB testing. This figure summarizes the first 19 units
assembled; Figure 24 summarizes the second group of

specification, the IR was significantly lower than 19 units. Table 23 summarizes the IR testing of all 38
Groups 1 and 2 connectors. units, then summarizes the first and secon~ build of

19 units. Tables 24, 25, and 26 summarize the testing
as one lot of 38 units.

150 L

w
m
1%

140

130
120
110
100
90
80
’70
60
50
40
30
20
10

Number of LACS 19
Number of Pins 494
Mean Value 862.59
Maximum Value 909
Minimum Value 770
Standard Deviation 16.70 m

o~’”’””’’”’”’”~” “

600 625 660 676 700 725 ‘?50 775 600 626 660 B?5 900 925 95(
Fast-Rise Breakdown Voltage (V)

a) Group 3 In-Process

150 i

140
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110

100

90

80

70

60

50

40

30
20

10
0

INumber of LACS 19
Number of Pins 494
Mean Value 859.26
Maximum Value 897 nl
Minimum Value 642
Standard Deviaticm 19.40 I-III

’600 825 650 675 700 725 750 775 800 825 850 875 900 925 950

Fast-Rise Breakdown Voltage (V)

b) Group 3 Acceptance

Figure23. FRB Test Data (Group 3: First 19 units)
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Standard Deviation 21.19 h
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b) Group 3 Acceptance

Figure24. FRBTest Data (Group 3: Second 19 units)
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IA

Table 22. IR at 125 V/ FRB/lR at 50 V Before and After Thermal Cycling

DO1 D03 D04 DOS D06 D07 D08 D09 D1O Dll D12 D13 D15 D17 D23 D27

Max.
Avg.
Min.

Max.
Avg.
Min.
Sig.

Max.
Avg.
Min.

Max.
Avg.
Min.

Max.
Avg.
Min.
Sig.

Max.
Avg.
Min.

195
131
100

862
848
809

10

204
135
104

194
80
46

881
855
817

14

906
413
170

—

1983
1783
1511

895
862
827

21

354
285
236

613
478
335

899
861
804

25

4987
3537
2523

1929
1632
693

891
872
852

10

1063
892
776

221
123
80

878
862
846

10

947
590
219

1622
1404
576

884
852
797

23

331
272
212

469
386
233

886
858
818

19

5274
3052

933

IR at 125 V Before Thermal Cycling
2154 1877 136 - 1899 431
1719 1388 109 - 1613 240
473 584 71 - 502 96

FRB Before Thermal Cycling
894 894 873 891 877 887
867 869 828 861 851 867
803 818 685 815 785 825

23 19 41 18 23 16

IR at 50 V After FRB Testing
347 1054 153 118* 1076 53*
284 886 117 64* 922 30*
159 723 93 34” 593 20*

IR at 125 V After Thermal Cycling
1360 39 117 237 164 324
705 19 57 181 80 224
257 12 37 88 55 117

FRB After Thermal Cycling
899 868 878 894 881 903
873 848 842 874 850 882
818 798 728 849 805 854

22 15 35 11 17 12

IR at 50 V After FRB Testing

266
180

15

886
860
791

23

34.

21*
10*

236
166
32

903
877
808

23

5194 153 501 12328 681 12088 15991
5194 88 305 3749 366 4435 5228

452 62 120 209 256 500 65

1605
1276
496

876
842
726

31

962
807
369

148
99
60

874
832
717

29

738
514
317

335
256
150

897
873
837

13

29
26
23

255
206
110

909
886
867

10

14881
6760
2690

89
49
38

866
846
822

13

95
55
43

44
26
21

866
846
817

13

200
135
92

74
56
40

857
834
776

17

73
61
48

60
40
29

873
849
788

17

295
201
145

2012
1524
356

897
871
815

25

388*
258*
121*

713
578
111

894
875
829

17

10249
5968
222

*IR Performed at 125 V



Table 23. Summary of Insulation Resistance Testing (Phase 4 – Group 3)

Max.
Avg.
Min.

Number of LACS = 38
Number of Pins = 988

Insulation Resistance (IR) @ 125 V
IR1

1768
946
123

Max. 1768
Avg. 1109
Min. 140

Max. 1527
Avg. 784
Min. 123

IR2

407
229
4

First 19 Units
Number of Contacts =

358
244
4

Second 19 Units
Number of Contacts =

407
213
53

494

494

(Megohms)

2 Megohm Lower Limit

Table 24. In-Process Insulation Resistance

Pins LACS
Range Pins Below LACS Below

Lower Upper Within Upper Within Upper
Limit Limit Range Limit Range Limit

o 4 0 0 0 0
4 7 0 0 0 0
7 10 0 0 0 0
10 40 0 0 0 0
40 70 0 0 0 0
70 100 0 0 0 0
100 400 0 0 0 0
400 700 14 14 3 3
700 1000 146 160 25 25
1000 4000 828 988 38 38
4000 7000 0 988 0 38
7000 10000 0 988 0 38

MC Type MC4196
Num of LACS = 38
Num of Pins = 988
Mean Value = 1262 Megohms
Std Dev = 252
Max. Value = 1893
Min. Value = 571
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Table 25. Evaluative Insulation Resistance (IR1 )

Pins LACS
Range Pins Below LACS Below

Lower Upper Within Upper Within Upper
Limit Limit Range Limit Range Limit

o 4 0 0 0 0
7 0 0 0 0

; 10 0 0 0 0
10 40 0 0 0 0
40 70 0 0 0 0
70 100 0 0 0 0
100 400 139 139 22 22
400 700 156 295 32 33
700 1000 125 420 31 37
1000 4000 568 988 29 38
4000 7000 0 988 0 38
7000 10000 0 988 0 38

MC Type MC4196
Num of LACS = 38
Num of Pins = 988
Mean Value = 946 Megohms
Std Dev = 387
Max. Value = 1768
Min. Value = 123

Table 26. Evaluative Insulation Resistance (IR2)

Pins LACS
Range Pins Below LACS Below

Lower TJpper Within Upper Within Upper
Limit Limit Range Limit Range Limit

o
4
7
10
40
70
100
400
700
1000
4000
7000

MC Type
Num of LACS
Num of Pins
Mean Value
Std Dev
Max. Value
Min. Value

4 0
7 1
10 0
40 0
70 13
100 45
400 928
700 1
1000 0
4000 0
7000 0
10000 0

MC4196
= 38
= 988
= 229 Megohms
= 71
= 407
=4

o
1
1
1
14
59
987
988
988
988
988
988

0
1
0
0
6
14
38
1
0
0
0
0

0
1
1
1
7
0
22
33
37
38
38
38
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8. SA3581 PPI Activities
at BCO—A Follow-Up

After correcting processing problems, implement-
ing, training, and documenting operating instructions
at BCO, identified in Group 3, BCO began several
starts on the PPI order. PPI Lot 1 was observed by
the QS team and rejected at BCO’S first inspection
due to poor workmanship.

A total of 23 of the 50 units were rejected for:

●

●

●

●

9

●

●

three connectors had upside down pins
six connectors had pins under deck height
caused by second fusing run in the furnace to
seal the “see throughs”
one connector had pins bent like an “S,” cause
unknown
one connector had a bent connector tab
six connectors had gold plating migration across
glass to adjacent pin
four connectors had bent pins
two connectors had pins with glass cracks.

BCO started 60 units of PPI Lot 2 and yielded 44
units. Sixteen units were rejected for insulation resis-
tance and laser weld burn throughs. The remaining 44
units were received at MMSC’S Incoming Test and
Inspection packaged in a single box and exhibited
damaged threads from transportation. Eighteen of
the 44 units were subsequently rejected for insulation
resistance.

A ten-unit matrix was constructed to evaluate the
following improvements: connector ID enlarged in
glass fuse zone, carbon presser pad diameter in-
creased and added chambers, new stainless-steel
weights, new fusing fixtures constructed, and glass
preforms modified by the addition of a wetting lip,
larger diameter, smaller ID holes and increased glass
volume.

PPI Lot 3 units were rejected for laser weld burn
through on the hood and interface gage problems. A
fifteen unit build was constructed with new glass
preforms and new laser weld tooling and acceptable
results were obtained.

PPI Lot 4 was halted because BCO changed the
pin diameter drawing without obtaining MMSC ap-
proval. The latest glass preforms received were evi-
dently sintered by mistake just prior to use at BCO
which eliminated necessary tolerances for fusing fix-
ture assembly. To continue production and utilize the
preforms, BCO reduced the pin diameter in the glass
fuse zone. These assemblies will not be representative
of WR production and do not satisfy the purpose of a
PPI build. Therefore, to ensure repeatability, piece

parts will be replaced with the approved definition
and PPI Lot 4 will be reprocessed under strict mon-
itoring by SNL and MMSC engineers.

9. Alternate Source
Proposal

An alternate source proposal was presented to the
W89 Systems Group on September 12, 1991 because
of problems encountered at BCO on the SA3581
connector. Problems identified during development
were resolved with SNL/MMSC input in the areas of
glass fusing, fixtures, welding, and material selec-
tions. However, during PPI production, BCO treated
this very unique design with the same effort it gives
commercial products. Thus, development units did
not perform as planned and final development sched-
ules to MMSC were repeatedly delayed. The follow-
ing information (Appendix E) presents the process for
finding and training a new supplier.

10. Conclusions
Extensive testing has proven that the MC4196

lightning arrestor connector meets or surpasses all
design requirements for the W89 system. MMSC
successfully developed the new processes and varistor
material needed to fabricate the MC4196 LAC in an
engineering and production facility environment.
This technology has been transferred to the MMSC
WR production area for proof of development build.

All testers and gages have been assessed and are
on-line for WR evaluation. The lessons learned have
been difficult ones, but have brought MMSC and
Sandia experts together. These experts have worked
with Amphenol-BCO in the areas of glass fuzing,
material compatibility, fixturing, manufacturability,
document control, processing, assembly, testing, and
gaging procedures in an effort to maintain the SA3581
LAC subassembly integrity at BCO. It is the consen-
sus of the MC4196 LAC team that whenever possible
Sandia needs to define the complete product defini-
tion for integral subassemblies, such as the SA3581.

When modified commercial designs prohibit this
approach, a system for monitoring (such as an audit
trail or continuous on-site review) must be considered
as part of the acceptance criteria. This criteria should
be used in the procurement and development pro-
cesses as part of the Purchase Order Agreement that
determines what supplier will be selected. Technology
transfer cannot stand alone; it must be accompanied
by strict performance methods as a metrics.
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APPENDIX A

Laser Welding - SA3581 Metal Hood at BCO
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LASER WELDXNC OF 10-56ilf16-26SHOODEDLAC CONNEC’iOlt

1.0

2.0

3.0

3.1

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

SCOPE:

This specification defines the requirements for laser beam welding of the
SA3581 LJT-LAC Connector to assure satisfactory wetd quality. ‘his
specification applies :0 the au:ogcnous weld which joins :he i3C0
10-567146-26S type hooded LJT-LAC receptacle connector.

APPLICABLE D(3CUN!WTS:

The following documen:s of the Iates: issue in effec: form a par: of :his
specification to :Iw extcn: specified herein:

Ar,phenol/3C0 Specification:

9-4197 Welding (Other Than By Resistance I{eatlng Quality Requirements and
Interp:eta:ion)

9-S987 Laser Welding of 10-567150-26S LAC/Fil:er Connec:or

American Welding Socidty Standards:

AW A3.@ Welding Terms and llefinitions

T:C!lNICtL REQUIREMENTS:

Definitions:..——

Welding Operator: A perscn capable of producing acccp:able weldmen:s——
usic~ :he laser welding process, and who has been qualified per :his
Specification.

weld Schedule: A particular procedure, tncludin~ specific machine
sc::in~s, whic!~have been established as satisfying :he requirimen:s
:Ilisspecification.

Oualifica:ion: A :es: so dcmons:rnce the technical proficiency ancl
,:.~chine knowLedge of che laser beam welding Mchlne opera~ors.

!!achineJournal: A record or log Indicating alL Mclline activities,

of

macl-tiuemaintenance ac:ivi:ies and equipmens performance, The Ma:erials
Laboratory shall bc responsible for maln:ain~ng :I\is ~ch~ne jou:nal.

Shlnc Through: Shine through exis:s when :he laser beam has pcne:ra:ed a
gap and visually marked a surfaceother :han :he gap surfaces.

,
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3.1.6 Welding Terms: Welding :crms and definitions shall bc found in AWS
A3.O-S5, 9-41S7 welding process specification, and BCO Welding Manuat,
except as folLows:

I ?orosi:y-approximately spherical-shaped voids in che me:al.

I 3.2 Wlcling Equipmen:: Welds produced to :his s:andard shall be m~ldeby a
machine which produces a weld by hea:ing with coheren: ligh: energy.

3.2.1 Equipment Certificaclon: Repeatability verification of Laaer equipment
and rocacional tooling shall be the responsibility of QuaLl:y Con:roL,
Instrument Calibration Croup. Intervals between cerclfica:ion of laser
pulse frequency and rotational fix:ure speed shalL not-exceed6 mon:hs.
In:ervals betuccn ccr:ifica:ion of power meter shall no: exceed 1 year.

3.2.1.1 Equipmen: Cer:ifica:ion Requirements: The foLLowing i:ems on each
laser beam veLder shall be repealable to an accuracy as foLlows:

I .i. Wa:: $!e:er: ~ lz% of the indicated power se:ting

I b. ko:a:ional Fixture Speed Con:rol: ~ 3%

I
c. Laser Pulse Frequency: ~10%

3.2.1.2 Records: A record of all certifications of Iascr beam weLding machine
and accessories Shall bc kept in aachinc journals.

,

I
3.2.2 Equipment M.?in:cnance: The Laser shall be matntaincd in accordance with

the He:aliurgical Laboratory Procedure H-11.

I 3.2.2.1 Records: A record of all maintenance ac:ivi:ies on :he laser welding
nachine and accessories shall be kep: in :he machine journal.

3.3 Pra:ess Rcouircmen:s: Uniess otherwise sta:cd within this specification,
all welds shalt be mnde in accordance with 9-4187.

3.3.1 Port Cleanliness: Parts to be welded shall be free from oil,, grsase,
foreign par:icLes or other contaminants that are detrimental :0 weld
quaLity.

3.3.? Opeta:or Qualificntlon/Requalifica:lon: Production laser beam welding
shaLL bc performed only by operators quaLificd to 9-4187 and this
spectftcation using cer:ffled, functionally approved equipmen: and
ccr:ifitidweLd schedules as defined by this specification.

SC933-IW.SrV08/18/87.
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3.3.2.

3.3.2.2

3.3.2.3

3.3.2.4

Oualifi.ca:ion: Lastirproduction wlc!ing opera:ors sh.-IlLbe quaLificd
and requ;liitiedby s~:isfac:orily performing qualific;l:iontes:s.
Qualific;l:ionmust be cstablislw?d:hrough verlfica:ion of weld results
oil:CS: spccincns made per 3.3..4, unless prcvimisty qualified pcr
9-3937. @alific;J:iOn must be accoI?Iplishcd on :Iw macll~ne co be Used
for produc:ton w21Js.

The WCLJ scllcduLesfor :he opera:o:s’ qunlifica:lon :es: sllalLbe :-he
ones made per 3.3.3 and approved by :hc Hs:erials Laboratory veldiug
●ngineer. Operator qualification samples may be used to quaLify the
weld schedule.

Requalification Intervals: The operator shalL bc requalified when
:here is evidence of unsatisfactory performance of che opera:or.

!Legords: Records indicating welding opera:ors’ qualification and
rcqualificatioa shall be maintained a: the weld s:ation in :he Laser
Processing Area.

3.3.3 Weld Schedules: A weld schedule shalt be es:ablishec!for each weld join:
design before weld joinzs oi that design are welded in production or in
operator quatifica:ion. Changes s!)all no: be permi::ed :0 specific weld
schedules wi:hout the approval of :he responsible Engineering welding
●ngineer and certification of :he ch:ngc.sschedule. The weld scheduLe
shall contain a complete identific?:ion of machine sec:ings, tooling,
material combinatio~ and cer:ifica:ion da:e.

3.3.3.1

3.3.3.2

3.3.3.3

3.3.3.4

Cer:ificacion of Schedule: Test specimens per 3.3.4 shall 5C welded
and metallurgically inspected :0 ccr:ify :he weld schedule on the laser
beam welder.

Recer:ifica:ion of Weld Schedule: If the welding machine has been
sig:ifican:ly chnngcd due Zo naio:cnancc er malfllnc:icn,the exis:ing
weld schcduLes mus: be recertified using :est specimens pcr 3.3.4.

Special Requirements: Tack welding may be used only as spccificd on
:he weld schedule.

Records: Records indfca:in~ weld schedule cer:ifica:ion and
recer:ificii:ionsllaLlbe tnain:ainedat the weld sta:ion in :he Laser
Processing Area.

3.3.4 Ccrtificacion/Qualifica:ioaTcs: Specimens: The number Of tes: Specimens
required for :he test ac:ivi:ies shall bc as indica:cd in Table 1. Tes:
Spccimcn types consist of a functional bead on plate and a joint

configuration.

SC933-IU. .yv 03/,8/87
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3.3.4.1

3.3.4.2

3.3.4.3

3.3.4.4

3.3.4.5

Joint Configuration: A join: configuration can be a reprcsen:a:lve
sample or an actual production definl:ton par:; ei:hcr Of which must be
of the proper material and specific dimension in :he weld join: area.

The tes: specimens shall be ueldcd according co the weld scheduLe. The.
scheduleshall not be changed and ruzin:enatt’ceshall no: be performed on
:hc welding cquipmcn: while velding the :CSC specimens.

All test specimens shall conform co quality aasurance provisions of
Section 4.

Each test specimen shall be identified as :0 the weldfng operator, weld
schedule and dn:e of test performed.

Test specimendata pertinent to :he weld requirec!cn:s shall be obtained
and maintained as required per this specification.

st93J-llL.REVoc/18/e7

A-6



—— ...—--- ______ ... -, j,-_ ,, ----- -..----._-
4“d?i-!W3L corpcral Ion Bcmdl. C.nn*ctor Caorot Ionu

Sluney, ,%”( 13!333
m

FSl;.;lhj. 77S20

S\iEET s

TABLE 1-—

TypE OF TEST

tJeliJ$ChCdtll C
Cer:ificatiotl

Weld ScheduLe
Recer:ifica:ion

Operator
Qualification

Opera:or
RcquaLifica:ion

1 2 original 3.3.3.1

1 2 (See 3.3.3.2
Note 1)

1 ~ OriginaL 3.3.2

1 (Note 2) 3.3.~,3

(See No:e 3)

NOTES: 1. FoLlrn#ingnaint.enanceor maiful~c:ionLf chc welding machine
significantly chan~ed.

,,
2. When chcre is evidence of unsa:isfaccory performance of :he

opera:or.

3. Ope:ators quaLified per 9-8987 met: :he requl:emen:s for
qualification.

has been

X933-ILL.RE.?08/II?/07
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3.3.5 Repair of Defec:s: Repair of defec:s is p.:tmissihle, if :he repaired
weldmcntt chc repaired weld icscif ad :hc ;Mlj.3ccn:parcn: mc:al mce: :he
requirements of the originaL weldmen:. One a:cemp: to repair :hc defcc:
can be nude with :hc laser af:cr a COOL down period of 10 minutes from
making :he original weld. ?rior :0 reh-eLciin.q,:hc weld fusion zone and
adjacent paren: metal ,shall be s:ainlcss s:ecl, wire brushed :0 remove
oxides.

4.0 QUALITY ASSURANCE PROVISIONS:

4.1 Weld criteria shall be as follows:

4.1.1

4.1.2

4.1.3

4.1..!0

4.1.5

f4.1.lj

Weld penetration shall be 0.010 inch minimum and 0.016 inch maximum.

Surface cracks in :he weld metal are unacceptable.

Weld shalL be 6G% of :hc circumferential weld dis:snce. I~dividual and
randomly dispersed holes in the fusion zone arc acccp:ablc as long as
they do not exceed 20% of circumfcren:ial weld dis:ance.

Weld spla::er is permissible provided i: is no: on any connectorma:ing
surface.

Weld craters are acceptable as long as :hc bo::om of :he hole reveals
visible fusion wi:h no joint separation.

Any internal weld inclusion or porosi:y which ims a lcng:h grea:er :han
1/4 of the measured penetration sl\alLbc unacceptable.

4.2 Inspcccion:

4.2.1 All weld joints shalL be 100% inspec:ed for weld surface dcfec:s a:
1OX--3OXper Paragraphs 4..1.2-4.!.5.

4.2.1.1 Rejected weLds shaLL be sen: to MRB.

4.2.2 All :es: specimens for wld sched(,leccr:ific-+:im-(3.7.3.1 and 3.3.3.2)
and opcra:or qualification (3.3.2.1 and 3.3.2.3) shall bc cross-scc:ioned
and 100% metallurgically inspected at 50S minimum. Cross sections shall
be pho:ographcd, documented in an Engineering Report and retained by the
Engineering ~i~:crialsLab and QuaLi:y Con:rol.

f4.~.2.l Tes: specimen joints shall mee: :he rcquireuwn:s of Paragraph 4.1.

sc913-lL&.ZCvom/lw87
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300 PAOKAGINQ, HANDLINOAND STOXAOKt

sol All production conmctor components ●nd welded connector ●oeamblieo shall
be otored in covarad container. The containmw shallhave individual
compartment. to protoctthe components ●nd aaeemblies from indentations,
scratchae and mutilation. Spaclal cara ●nd handling shall be ●xercised to
prwmt da~ga to the htricate oomponente ●nd a88ambliae.

600 NOTESi

6.1 WARNINGNOTESt

60101 All operational ●nd meinwmnco peraonntl of la- W.lding ●quipment muot

be trained ●nd Imowladgcable in radiation ●nd ehctricaL hazards of lacer
safaty. Th inviaiblo C02 laser r8diation wilL seriously burn akin and
eyaBv lce~phande ●nd arnw away from tha laoar beam araa when tha shutter
is open. Proteativc safaty glamec with side ehields shall be worn at
all times whan in the laser proceeding room, Do not look directly at the
arc during the wlding proceaa, l%e Iaeer prooeeaing room f)hall have a
controlled entrance to inhibit entry while baam 1$ being emitted from
machine.

m-fi’$,.gu Owltm S315S OX 10N3HdbJU 14dSZ:ZT E6, S0 e~+
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BENDIX CONNECTOR OPERATION

MATERIALS LABORATORY TEST REPORT

TO: File REPORT NO: 9049

TypE OF ANALYS~ J)ATE IN: 12/5/88

METALLURGY EFFLUENT DATE OUT: 12/7/88

ORGANIC — GOLD

SERVICE REQUEST CADII I UM

sB4Fu 3:.:
METAL JOINING

SAMPLE SUBMITTED BY: B. Punham

BACKGROUND: Bead on plate laser weld trials were to be performed

to establi=h preliminary parameters for welding of 10-567150-26S
type LJT-LAC/Filter hooded connectors.

OBJECT OF TEST: Measure weld penetration in 302 stainless steel
coupons, approx. .025” depth required.

. —— .—._.
—. ——-

TEST RESULTS

1.

2.

Coupons were welded to the fol lowing parameters:
Lens - 2.5”
Cover gas - single cover, plant Argon, steel ball - 80

Frequency - 1000 HZ.

Pulse length - 0.2ims.

Focus - @ surface
Speed - 12.5”/min.

penetration results are as fOllOWS:

WattaKe

150
200
225

250
275

Depth (in.) Max. Uidth (in.)——

0.0168 0.0148
0.0220 0.0188
0.0328 0.0240
0.0352
0.0360

.==%ia$=

cc: A. Schi Idkraut
6. Ritchey

DF-3
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8EN~IX CONNECTOR OPERATION

MATERIALS LABORATORY TEST REPORT

TO: Hugh Kearney

TYPE OF ANALYSIS

METALLURGY EFFLUENT

ORGANIC GOLD

SERVICE REQUEST CADMIUM

JM=AL JOINING——
SAMPLESUBMITTED BY:

BACKG20UNO:

REPORT NO.: 9170

DATE IN: 2/6/89

DATE OUT: 2/24/89

70651K XOO1

10-567146-26Sstainlesssteel hooded LAC connectorswere submittedfor laser welding.
The parts were to be welded at a lower power setting compared to the previousbatch

as re”portedper TR 9127.

OBJECT OF TEST: Laser weld the aix parts using 13S watts power and cross section one
sample for fusion zone examination. A ~.r ..:... ~..c ~-a--v.<%.

TEST-RESULTS

1. Five of the six parts were successfully welded. One part exhibited burn-through

and lifting of the hood about half the distance around the circumference.

2. Cross sectioning reveals a weld fusion zone of .0175” deep by .0125” wide in

area opposite from burn-through.

3. These parameters do not achieve the desired .012” deep penetration as hoped.
It appears more experimentation needs to be performed if the desired

penetration must be established and maintained.

CC: A. Schildkraut
B. Dunham

A-II



TO : +. i:ear~ey REPORT NO: %459

TYPE UF ANALYSIS PATE IN: 10/3/89

fi~~~~~u~ti.i EFFLUEISi T DATE OUT: 10/17 /8’3

SERVICE REQUEST CADMIUM C70651K XOO1

v. . NETAL JOINING

SAPIPLE Z!JE.F?iTTED EY: -,..=r;:=ncsir...-.

BACKGF:CIL;FJ2: Thirty nine 13-5E7146-- ‘GS t,~od~d LAC connectors were

submitted for lasef weiciin?. Simil=r p~rts haa t,een previously welded

at BC.CI and several probiems were encuuo.~ered. A 3.75 inch focal
length weiding lens was t,> ha us~o [U ;Ilinimize beam clipping during

welding ii-, the deep, narrow tr.au~il.

TEST RESUL~

Latts. 2.5” Jens 3.75” lens
:~epth (in. 1 depth (in.)

ii:, 0152. .0064
-. =,le- . ,:11?5 . 0072

1 L5 . G184 .0096
i45 . c)~iJFJ .0112
w,~ .U216 .(3136

165 . ~3Z’lG .01S6

Note: Al ! trials were welded according the attached

weld schedule except for varying the power.

.+
B. Dunham

I

CC: A. S.chi ldkraut
T. Marks
J. &aciolato
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.*
4%. .?roblems with the weltiing were encountered. They included: burn-
through or haod flange, occasional crater ho;es in the tus~on zone.
burned side walls or the hood, and a burnt phenollc smell coming from
the parts.

3. lt was ascertained that the i:ause IQI the burne~-rhrouqh hood was
the hood flange was not in ir,timate COnt3Ct with ?.he shell. Intimate
contact between joined members Is essential in lap welding with a
laser. Two potential causes of improper hood seating were: a)

eccentricity of the hood flange ●fter molding causing the insert to
hang up on the shel II recess ccrner and b) lnterfacial seals being added
to the assembl Ies which w+re I:m? previously iIsed. .4 dimensional study

of the LAC assembly neeLls ::, ue pef:c,rmej and inorrect:cns made to
provide tar intimate/” S&UD c.sn:a.:: or :nl+ ?Iooc! rl~nqe with the shell
face.

7. A note .JIIih~ =ngir,eerin~ brawing needs to be added to remove mold
flash snd c:esn tp,e Cc,ttnm or the hood flange after molding of the
insert. This. ale:.:~ with the rotary perpendicularity Correction sh13uid
prevent anv phar,ti,!icburning.

I
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Photo No. 1

nag: 50X

Etchant: 10% oxalic,
Electrolytic

Comments: Cross section

of LAC assembly. Fusion
zone is .0128” deep DV
.0160” max. wide.
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ADO Iicable Documents: g-uI~7 fii,~t-~: All parts to be
welded shaS1-be clean. ~,AUT]~~: [)0 not handle w~jd

joint area for SI 1S very detrimental to lager weld<ng.

Eauiument TYve: Coherent Ev?rlase
S25 C& Laaer

Trained ODerato~: Requ Ired

Tool ing Requirements:

T-cc.]ing Set-uv:

Weldinl [nstructiuns:

Pattern Nc.. : 4

Weld origin absolute coordinates: XA : .{A:

Inspection-: Ap~>l icable documents: 9-4187 Sec. 10 Inspection Type: I

S~ecial Rsouirement~: . 008’’/.012” total weld penetration is desired.

A-15



BENDIX CONNECTOR OPERATION

MATERIALS LABORATORY TEST REPORT

TO: J. Badolato REPORT NO: 9560

x

‘JYPF OF ANALYSIS PATE IN: 12 /11/89

METALLURGY EFFLUENT DATE OUT: 2/5/90

ORGAN IC GOLD

SERVICE REQUEST CADMIUM

tlETAL JOINING

SA!IPLE SUBtlITTED BY: J. Badolato

BACKGROUND: A study was performed regarding focal point height
adjustment during laser welding of 10-567146-26S hooded LAC connectors.
Previous welding probiems with regard to curling hood lips, burned
through hood lips, and erratic fusion zones. A stack-up of height
tolerance on the engineering drawing was found to be +/- .0065”.
Penetration depth of .0128” was noted when the parts were welded
previously.
OBJECT OF TEST: Weld samples Using different focal height adjustments
looking for weld anomalies and depth of penetration.

TEST RESULTS

1. Samples were welded according to the previously established
weld schedule except for height adjustments. Four different settings
were used: .007” above. .007” below, .013” above, and .013” below.

2. All four samples exhibited hood lip curling. The two samples that
were focused .013” above and below were welded using a shell in which
the step had been completely removed by Experimental.

3. A sample was welded focused .007” above the surface and burn
through of the hood with almost no penetration into the shell was
noted.

4. The next sample was focused .007w below the surface and a depth of
penetration of .009” was noted.

5. A third sample was focused .013* above and a depth of penetration
of .0084” was found. Burn through of the hood was discovered in one
small area.

CC: A. Schlldkraut
R. Normann

DF-3
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Report: 9560
Page 2

6. The final sample was focused .013” below and had a penetration
depth of .0105”.

Gonolusfans/Recommendations: Burn through of the hood flange was very
pronounced on the sample focused .007” ●bove the surface. The .013”
above surface sample also exhibited burn through. It is- recommended
that the stack-up of height tolerance should be reduced to minimize
the chance of burn through. In addition to this it appears that a

below surface focal point is also advantageous.

A-17



~mphenol Corporation

~ connector Operations

LASER WELDING SCHEDULE

Assembly Name: Connector, Electrical
Receptacl~ooded, Type LJT-LAC,
Size 17-26S

Part No.: 10-567146-26:
Oper. No.: 51
Pg. 1 of &
Change No. :
Originator: B. Dunham
Date: 10/12/89

AVP Ifcable Documents: B-4187 Note: All parts to be
welded shal I be clean. GAUTION: Do not handle weld
joint area for it is very detrimental to laser welding.

EQU ipment Type: Coherent Everlase
325 COZ Laser

Trained Oper ator: Required

Tool ing Requirements:

Tooling Set-up:

Weld Parameters: Mode: CW sP__ REP X
Lens size (W): 3.75 Total weld time (sec.):
Gas coverage: Artzon-slnizle Power (Watts): 140
Pulse length (ins.): 0.2 Focus : @ surface
Frequency (Hz.): 1000 Rotary fixture speed (RPM): 9.3
Uelding Speed (in./min.): 25 Gate (ins.): 5500

Ueldin& Instructions:
Pattern No.: 4
Weld origin absolute coordinates: XA : YA:

lns~ection: Applicable documents: 9-4187 Sec. 10 Inspection Type: I

Sp ecial Requirements: .008”/.012” total weld penetration is desired.

A-18



BENDIX CONNECTOR OPERATION

MATERIALS LABORATORY TEST REPCIRT

TCI: Q. Seltridge REPORT NO: 9791

TYPE CIF ANALYSIS DATE IN: 7/5!90

x

P!ETALLURGY

ORGANIC

SERVICE REQUEST

METAL JOINING

SAMPLE SUBMITTED BY:—.

EFFLUENT D&E OUT: 7/9/’90

GOLD CONTRACT:

CADtl I UM EUOM :

R. Selfridge

BACKGROUND: Laser welding of 42 pieces of hooded LAC connectors,
10-5671~S-26S, was accomplished with new spring loaded tooling. (Uork
Clrder F542969) The tooling design conceivably negated the excessive
length tolerance (.013”) stack up within the shell. Elimination of
this tolerance maintains a focused laser beam at the weld surface. The
anticipated result is improved weld penetration consistency. After
welding, four assemblies had fusion zone anomalies. Two assemblies had
single weld holes and would still meet the visual requirements of 9-
8979-1. Two assemblies had unacceptable weld burn-through amounting to
forty percent of the weld circumference.

OBJECT OF TEST: Perform meta]lograpic analysis on four assemblies with
weld anomal ies to determine cause of defects.

TEST RESULTS

SINGLE HOLES IN WELD: One assembly exhibited splattered glass on the
shell’s welding surface at the location of the hole. In Photo 1. the
w“eld penetration remote from the hole was found to be .0136” with no
joint separation. This is typical for the established weld schedule.
Inadvertently. the second sample’s weld hole was lost during
metal Iographic preparation and the weld contamination could not be
viewed.

BURN-THROUGH: Inspection of the welds in an area remote to the burn-
through revealed excessive joint separation in both assemblies. Joint
separation was .0022” and .0034” In the areas where fusion into the
she] 1 was stil 1 apparent. Weld penetration dropped to .0106” and .011”
in thsse areas, however it still meets the minimum requirement of
.010”. (See Photo 2) Burn-through is characteristic of excessive joint
separation. Basic design rule for laser welding shall maintain

,

C. A. Schildkraut, R. Knight
~>

Reported By ..>ma P-
P.F’layers, M. St. John B. Ritchey ‘J
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Report : qy?l
Page 2

BURN -THROUGH:

a joint separation tc, uit5in l/2t. when t is equal to stock thickness
of the thinnest member. In this case, the flange is .005” and the
maximum separation should be .0025”. Excessive separation can be
attributed to a number O: things: improper assembly of molded hooded
insert into the shell : uneven clamping force on top of hood; or
excessive clamping force. Although joint separation can be tolerated
and stil I achieve the required weld penetration. maximum obtainable.
strength is with no separation.

Photo 1: ?lag 100X

Etchant: NH.OH & H~OZ

Comments: Photo reveals
weld penetration and no
joint separation to the
right of the weld. End
of flange is the left
of weld nugget. Weld

is in area remote to a
singular weld hole.

Photo 2: flag. 100X

Etchant: NH.OH & H202

Comments: Photo exhibits

the affect of excessive
joint separation and
decrease of weld

penetration into the
shell. At a 180 degrees

from this location,
excessive separation
results in burn-thraugh.
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AmDhencl Corpora ticll Part i~o.: lo-56714&~
.~~oi;.~;Gfinectar ~~era=ion~ Cber. No.:- 751

Pg. 1 CJ+

MSEE ~ELDING =+~D~~E Chan~o.: i
Originator: .

Assembl’~ Name: Hooded Receptacle Connector,
Type LJT-MC, Size 17-26S

Date: 13-2’6-? 1

~on licable Documents: ~-41G7 and 9-S997-1
r/ote: All parts to be w~i~ed shall be clearl. ~AUTIONS Do not
handie weld joint area #or it is detrimental to laser welding.

~cuioment Ty~e: Coherent Ever;lase
! 325 CD2 Lamer

Trained ODeratar: Certzfied CHW-E9E7-I and 9-41w

Toolinq R~Quir@men~=:

N’e5t : 44-179569
Rotational Motor and SUDpork 6racket: aA-159142 (!deic FEat)
Clamp to be centerec on hued applyinq iight pressure
Spacer: 44-180c2a Adjusa nes= .174 irch from E40ttom Q+ mntzr s,>zft

bkl d Pa:-amets-5: Ilcde: CW
Lens size (“): Z.75

Sp REP X
Tatal weld~me (s=): b.=

V&!dinc ?nstruckicn5L
Pattern No.: 4
Weld origin a=olute caorcinates: XA: YA :
Fatten No: 6 Head On Plate

,Xnsnection: Applicable documents: 9-4187 Sec. 10 Inspection Type: I ~
9-E19a?-l weld penetration 1

5pecial” T:cauir-emerlt~: Total weld penetratfbn af .010- 016 snch zs required
cpsr~tur and we~~ schedule certificat.lon on Fiaterla]g Laboratory rest Rerxmi
NO. 10i49.
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x

T~~~ [1= A~AL~C 1# DATE IN:

METALLURGY EFFLUENT p~-r~ CIUT: g/~m,”~J

ORGANIC — GDLD ~“JNTRACT:

SERVICE REQUEST CADflIUM ~uorl :

METAL JOINING

$t\MPLF SUS!~!TT~D EY: !?itchsv

BACKGRCJLIND: Ue”ld parameter repeatability and operator Certirica:icn

must be verified on 10-~.GT146-Cas hooded LAG. deld penet~ation Snsl]

be .010 - .d16 inch per lJ-567146-26S weld scheoula.

OiiJiZCTCF TEST: Estbblish weld parameter and operator certi:ica~.i,sn
per G-~5)S7-l.

TEST RESUL~5

All samFles util::eo ra: we;d schedules certifications were 31sc0 tisec
tor Roger Robinson’s c~erator certification.

The bead on plate ver:ji cation exhibitad . 0142 inch total penetration

on S04L ma:erial. ~-?e ?50T.o Fio. 1.

Two actual hermesic LAI; assemblies were welded and ❑ icrosect~oned for

weld pene~ratioa determination. Penetration was measured in two
Iocatians, &pprcMiRa:e Iv 1S0’ apart. Penetration varied from .0G90-
.0153 incn. The icu~st penetration was obtained at the narrow gap
betweesl t,?.<“c.:~:‘j~.~il~ :!;* sr,ell ID. Beam clipping is occurring in
this partlc.n of the circumference were the gap 1s only .076 inch.
It apFears that r.h~ hermetic contact pattern is eccentric to the shel I
inside cliam~ter. ?hctomierographs 2-5 illustrate the weld fusion zones
of the twG s;:.mples.

Althougn :.h+ weld parameters and operator are certifiable, the

dlmens!onzal .Inomalies within the hermetic connector are contributing to
the uald rJ*n+?r~tiCin instability. There is no assurance that the
minimum WQ15 penetrstic,n will be obtained with this eccentricity and
beam clipping.

& 7.{ ~
Reparted By & /-1 4

Metallurgist

CC. J. Fisher, u.-Han~yo A, Schilkraut
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~ECOMMENDAT IONS: Total inside diameter variation shall be decreased on

the 1.016 and .331 ID. The 1.016 ID should be maintained as low as
possible and the . 931 i~ should be maximized. Eccentricity between
these diameters should be decreased where possible. Hermetic sealing
fixtures shc~uid be chan~ea to locate on weld end of assemOlv and held
concentric to the shell inside diameter.

A five inch focal length lens will decrease the beam clipping.
However, maximum achievable working distance has been obtained with the
existing tooling and the 3.75 inch lens. Receipt of the new optical
viewing system ror the laser wil I increase the working distance
allowing the use cIr a 5 in.~h lens. Tilis will require redevelclpment or
the weld parameters and recertificati on.

METALLOGRAPHIC ANALYSIS CF UELD3:

Photo !JO. 1

flag: 20GX

Etchant: Electrolytic
Oxalic Acid

Comments: Bead on plate
weld sample exhibited
.014 inch weld
penetration.
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Page 3
Report No 101A9

.. . . . . . .. _ . . . . ..--, ___ . . 1

‘.0 IT
IIJIII III 1111

2-OW’30

1111 11111111111 !11

40. “5.0

11.11{1111111’1. I. .

Photo No. 2 Sample 1

tlag: 150X

Etchant: Electrolytic
Oxalic Acid

Comments : .cusion zone or

welded LAC reveals .010
inch weld penetration.
Joint separation at lert
of fusion zone is the
result to metal lograpnic
sample preparation.
Separation at right or
fusion zone is joint
separation from improper
seating of hood flange.

Photo No. 3 Sample 1

tlag 150X

Etchant: Electrolytic

Oxalic Acid

Remarks: Fusion zone
180° from that
represented in photQ
No. 2 has .0096 inch
weld depth. Joint.
separation at left of
weld is from sample
preparation. The right

side demonstrates actual
separation of .0006
inch. It appears that
the insert assembly
wasn’t seated proper]y.
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Page 4
Report No. 10149

wl$pig!E!Jip-...-
i-. “. “1

“.-

‘o ~o’ ~o 30 40 56

“1
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..-— .— -- -

0 10
h,r...’~o, yJ 40 ‘ 5q

I ‘~1’IllldlllllllllhIIIIIIIIIIII!IIIIII III;IIIII

Photo No. 4 Sample 2

flag 150X

Etchant: Electrolytic
13xalic Acid

Xemarks: Total weld
penetration is @.0116
inc~. Joint separation
at right or fusion Gone
is the result o? sample
preparation. IUeqligible
separation is apparent
ai the other side of the
weld. The ~drop in
fusion depth is the

result or beam clippi]~g.

Photo r40. 5 Sample 2

Msg. 150X

Etchant: Electrolytic
Oxalic Acid

Remarks: Weld at 180°
from fnicrosectio

8
i n

Photo No. 4 has4.015
inchv This depth of
weld is representative
of the bead on plate
penetration.
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APPENDIX B

SA3581 /MC4 196 Product Configuration System

CONTENTS

1. Single Entry List (SA3581)
2. Single Entry List (SA4196)
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DF41144T -REF REF OIILY

MIL-O-46204 RELE PLATIOO. ELECTRODEPO

=2T602A17A ELECTRICAL COIMECTOR

SS880821 -REF ● NOT 011 FILE ●

3S6323 0001 A CER OAOE 110 00

367942 0002 c OAOE DU~ WIT

9900000 - AB RELE OEBL UFO REQt



.------- -------- --------- ----- ----------
9919100 -

-------- -------- --------------
BE RELE MARIIIUO. OEflERAL HET



------------------------ - ----- ---------- ----------------------- -.-----
AF-0A8255 -000 B CER OPERATIM PROCEOURE

AF894028 -000 B CER OPERATINO ●ROCEOU@E

tm92980 RCD CREATED DUE TO I

AS1E4-196 BERYLLIUM COPPER, DO

asTa-o-1128 WAIER CODDUC1

ASTW-O-1214 OLASS TEST

ASTR-D-1618 KIOITY Ill VOLATILE

ASTWO-172S CNLORIIIE CORT

ASTCO-2898 V18COS11Y

~STIS-O-S4 RCD CREATED DUE TO I



------------------------- ----- ---------- ----------------------- ----.--
aslmo-sol RCO CREATED OUE TO I

ASTWE-208 WATER TEST

DF4120@4 -000

0A0255 -000 CER OAOE BACK EnD

-411447-71 -001 c mOWE OAOE DMR E~D

?s412084 -000 a CEWDTER PROOVCT SPECIPIChTIO

?18290 -REF CER LAC lE$tER

qq-S-766 RELE CRES

SS276S40 -200 0 CER 1S0? ALCOROL



------------------------ . ----- ----------
SS2943S4-200

------------------------- . . . . .
AJ CER EAT” L t ERVIR FOR ST

SS802227 -200 0 CER ALT ITEN 8

88825818 -200 K CER RESIR, CTBO mDIHED

SS8S2764



---------------------- --- ----- ----------
SS898279

----------------------------- -

UA5902 -000 A CEWDTER ADAPTER 26-58 PIN

uaslls -000 c CEWOTER CONTACT RESISTANCE T

124A121S 10 CER ACETOIIE

178126 a ROBE OEWL SPEC

802000 -002 c RELE IR OU~ LOAD

S068?7 -200 J CER WEB

808958 -200 F CER/OTER UIIIT ASSE18LY

46A1OO67OPO02 10 CER DEIOII WATER





APPENDIX C

SA3581 Incoming Inspection
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ORDER

SUPPLIER
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INCOMING
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●
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I

CONTRACTUAL TERMS & CONDITIONS ~

[
FC-91O QC CERTIFICATIONS)
FC-914 QC REQUIREMENTS ADDENDUM:

(
DRAWINGS SPECIFICATIONS
ALL APPL CABLE FORMS DEPENDING
ON DOLLAR AMOUNT.

{

{ :ORRECTIVE ACTION *2 RKDio m 1O-H.—

FLOW DOWN
CONTRACTUAL REQUIREMENTS
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FC-914

NOTICE!
OR PRODUCTS

THE MATERIALS

SUPPLIED MUST

MEET THE REQUIREMENTS OF

THIS DOCUMENT OR

RETURNED.

T w LL BE

Purchased Material Quality



GEAarospaco
@

,.
4

Neutron Oevi%s
GeneralElecfr!cCcmpa17V
ROb 2908
Lw. FL 34649.2908

PURCHASED MATERIAL QUALITY PLAN

THE ATTACHED INFORMATION IS AN INTEGRAL PART OF THE ORDERO

THIS INFORMATION IS PROVIDED AS AN AID TO THE SUPPLIER IN

ASSURING PRODUCT CONFORMANCE TO GE REQUIREMENTS,

ATTN: QUALITY CONTROL

FC-91O (5/88)
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GE Aervspace

—
NeutronLkvicts
GeneralElecfrIcCWnLWV
PO 80X2908
laqo. R 34649.2908

QUALllY CONTROL REQUIREMENTS
Addendumto FGS14 (4AMI

1.

2.

3.

4.

5.

6.

p lnfom~tisupplierd*eQm~ titiol@e*.*byGenenlH~cNemonDM~sDe~ti.nt
(GEND) for acceptance of each lot or shipment of purchased production materiel.

P GEND will informeach supplierof acceptancecriteriafor each lot or shipmentof purchasedproduction
materiel.
2.1.1 me suppliercan,unless othewka restricted, use the most practkal manufacturing process,

inspection/teet teohnique and quality plan to provide a product which will be acceptable to
GEND.

22 GEND will evaluate each lot of purchased production materiel in accmdenoe with the Purchased Material
Quality PIan (FG914).

PRECEDENCE OF DOCUMENTS
the following documents ccmfl@ precedence shell apply in the order shown:

3.1°” “%%r%&?Order/Shipping Notica
32 Detail Drawing
3.3 Associated Specification (in order of reference)

F Quality Control Field Engineers and the United Stat= Department of Energy and/or its designated
representatives shell have access to the supplier’s plant to observe all pertinent operations and processes,
unless exception (propriete process) is resented to GEND Purchasing and Quality Control.

42 Unless othenvise specified, ?llL-STD-105#Sempling Tsbiesand Procedureswill be usedb~ GEND.
4.3 The GEND inspectodteeter will use the equipment or gage listed on tha Purchased Mater@ Quality Plan to

evaluate a truerandom sample (N/C column) of the supplier’s lot for the qual.ky Charect.erk!h SpSCfiKt.
4.4 Certain specificationcharacteristicsare to be evaluatedby GEND on each lot of product lot acceptance).
4.5 LAdditionals ecifim.on characteristics not evaluated on a routine lot acceptance basis, F 914 sequences

witha~s & are to be evaluated by GEND on the initial lot and periodically on subsequent lots
QuaiifZ%tion .

4.6 L c1efects are aaeed on tie ~(@4 (CL ~lumn) as to relative importance to fund.on or subsequent
fm#XJs;~~d~f~$JwO&@. A shall dastgnate a critcal defect, ” B“ a major deferX “C” a minor defect and

GEND RESPONSIBILITY
3.1 ore “m reaction of supplier’s product all observed defeota are verified by the responsible Quality

%ntro~l%!d I!Wgineer.
52 GEND Purchasing will report verified defective product to the responsible supplier and request supplier’s

corrective action.

SUPPUER RESPONSIBIIJTY
6.1 AII product manufactured b the supplier or procured by the supplier from any other source shell be

subject to stident insp ecl on/test by the supplier to assure conformance to applicable GEND
requirements.

62 Manufacturing/inspection records, parMent to GEND Purchase Orders, shell be available to GEND QC
Field Enginaem for review.

6.3 Tools, gages and test equipment eeeanW to perform inspection/test o erations shell be provided by the
U!supplier, unless the Purchase Order or FC-914 specifical states that ay shell be furnished by GEND.

6.4 7To assure shipment of only acceptable produd the eupp ier shell use stamps, tags or other methods to
identify all parts and assemblies that have been accepted or rejected by inspm.on/test. Dafective/rejacted
material shall be eagr ated at all times.

6.5 7samples subjected to estructive tests shell not be included jn the shipped lot unless requested.
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7.

6.6
6.7

6.8

6.9

6.10

6.11

6.12
6.13

Maintain a recmf of than es concurrent with the effectivity of revised GEND requirements.
D~ra~~ge controlA I providefor removalof obsoletedrawings and supporting information from all

E nless suppi~er sampling plans are spedffed by the apedfication, the supplier shall establish sampling
tans to an equal or tighter level AQIJHPD than those used by GEND.

e au plier, whenever practical, should eetablkh guard bands on tolerances to prevent shipment of
irderlneproduct.
~~lin to meet acceptance criteria for any sarnpiin J$n (except destructive teats) shell be

S& ested100 percent for the failing chars cteria#
6.10.1 AH observed defects shall be removed. “
6.102 The lot shall be resam led for the failing characteristic(s) using the same eampiing Ian.
6.10.3 Lots failinfj the seco J 8aampiing shall not be sup~liad vwthout written ap roval by END.

ectfme supplier shall mamtain a calibration system that will prowde the means to dir y or indirectly trace
assigned values of measurement equipmentto vafuesin terms of nationally recognized standards and
assure that ga ~~e~s~quipment including mmmercial test equipment, are in a state of proper
calibration a J
Lots containing known defe&tives shall not be shipped to GEND.
me supplier shall notify GEND of any significant changes in material, tooling, processes or manufacturing
faciihy for the prcxtuct

CERTIFICATION
Required vendor r~uct certification (if applicable) is defined on the Purchased Material Quality Plan (FC914) and

8spedfiad on the urchaee Order.
7.1 CerWation is to be verified end al ned by an individual responsible for veritlcation of product conformance

8to all specificationsand Purchaserderrequirements.
72 CenifmtionaretoaccompanyeachandevevshipmQnt
7.3 Product suppiied without Certifications or with incomplete Certfcations will not be accepted pending

review.
7,4 Test data requirements that wiil result in additional mats to GEND should be noted in aii quotes to

Purchasing.

8. QUAIJIY CONTROL FIELD ENGINEER

8.1 $ng all operatio~ processes and systems of suppliers as they relate to GEND orders.
8.2 Interpreting dravvings, s-cations and QC requireme~ anmvering orobtainm answers to questions

Pconcemin GEND requlremafW end conducting correlation studies with intent o establishing compatible
$insp~”on eat techniques.

8.3 Assuring that ail suggestions or recommendations given to the supplier are compatible with the
contrectural requirement.
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GSNERAI ‘tECTRIC CCMPANY
NEUTR(lt ~EV!CES OEPARTHEWT

PURCHASED t4ATERl AL

OUALITY PLAlf

FC-914

Issue Date Drawtng suffix Rev. Oescrfptlon Paqe

08/15/91 411447 -01 ; CONNECT(R (SA3581) 1 of 11

Ef fectlve QC field Enq. OC Enqineer MC Number Revt.ewed By Llbfary Ref.
f?alY

SFk!W&if LK INWLEY LK PIML)LEY 4196 ,....iiz~.04Zzti-02&iK
1

. . Nutaber iJtyRec’d Unit

,
ite COIWIO Oty’to stock

I
Utv l?ejecte{

I
~endor lhtlnq

, ,
L I

d

Vendor Vendor Lot No.

Ow No. Nub No. Inspector

? v

Conwleted Pack&q+ Nevleued By
Foreman: QVMC: OCFE: 1

RE(JUIRED vENooll PRODUCT CERTIFICATION
.

.

Statemant of Compliance to GENDOrawlnq No. 411447-01 Rev. G

INCLUDING: guanttty Snlooed ●Lot Sfze

●NUTE: The Lot Size Shall Not Exceed 200 Units.

ASSOCIATE SPECIFICATIONS AND GAGES

VE.NDOR S.PE.C IAL INSTRUCTIONS

Harklnq b Packeal.nq ~duklkiakh
E&ch connector shall be accompaniedbv a+#ee#w hearlnq the deslqnetorSA-3W1, apollcablePart
Number, Suffix and Serial Number. Connectors havlnq been subjected to LotSamDle Tests for Test Prod
Damaq~ and Coupllng shall be so id?ntlfied. Connectors shall be oackaqed to wevent damme afi~
contuninatlon.

-na



PURCHAS~ YATERIAL olJAL1T% PLAN - Conttnued
FC-91* I 2of 11

I
411447 -01

GE ND SPECIAL 1.NSTN.UCTIONS

!hrkin~ I!Packa@nq
,Ac6c\Wj.g

Each connector shall be accompanied with ~ bearlnq the designator SA3581, applicable Part
Nwsber, Suffix and Serial Numberuntil Laser Marklnq has been accomplished.

1.1Lab(Unlt) SeQ. OUaltty characteristic /s verification Assoc, Soec.
Eaufoment - (Gaqe) / Consnents SWC . Section lest Conments

PREPRCWCTItX4

LOT .SAWLE TEST.CON01T1MIH6: 111

8efore Any Further Proceszlnq, Segreqate and $ubmlt The Slx (6) or$lore Connectors Identlfted as Lot
Samoles to Unlt492 (81dq. 200) For Environmental Condltlonfnq.

BUILOING 200.-.UNIT 492 fTI - Service Request Must Contain 14anufacturer’sCode, Lot Number,
Serial Numbers of Connectors. Contact OCE for Information.

010 CHAR:
SPEC:

EQPTt

020 CHAR!
SPEC:

Et)PT:

!lechanlcslShock PS411447 3.2.3 -
Stablllze Connectors at22 26*C and 9958003
Aablent Pressure. Subject Connectors to two
shocks in each of the +X, +2, hnd -Z Axes.
The Shocks shall approximate the Haverslne Pulse
havlnq an lkriplltudeof 3759 * 15% and a duration of
6.Oms * 15%. SeePaqa 3 for Axles deflnltlon.
272 X 289HVA

RandomVlbdatlon PS411447 3.2.4 -
Stabilize Connectors at 22 ?6°C and 9!158W4
kblent pressure. Subject Connectors to tne
randomvfrbatlon soectrum Shotin on pdoe 3 for
30 23 fainutes In the X-AXIS and 30 t 3 minutes in the Z-ZXIS.
Vlbratlon Svst?m as reaulred

Orawlnq Number and

. . 10W

. . 100X
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PURCHASE1 ATERIAL QUALITY PLAN - Continued
FC-914 3of 11 411447 -01

r

ab(Unit) Seq. Quallty characterlstlc Is pacification Assoc. Spec. CL AQL/L~
Eauitment.- (Gage) / Connnents Spec. Section

AXIAL

-+2

!
t- LATERAL

R
-x—-

Mm:

1. ●Y and -Y axes are mutually perpendicular to +X and -X in tho lateral●xo
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PURcHASr ‘4ATER1ALQUALITY PLAh - Continued
FC-9 ,4 4 of 11 411447 -01

Im ‘1’1o’:”a nft ea. aracterfstfc /s fffcatfi)n Assoc. Suet.

IYINRIR r r

ej. nso. nsoector
E$ip&t - (Gaqe) / Come% Spec. Sect 1on Test Consnents

In_

030 CHAR:
sPEct

040 CHAR:
SPEC2
EOPT:
CcUT:

050 CHAR:

SPEC:
EQPT:

060 cHARt
SPEC:

EOP7 :

Temperature CycllnQ PS411447 3.2.5
The connectors shall be subjected, 9958000
in elr, to 19 repetitions of the
temperature cycle defined below:

TIf45, HRS;MIN. lWPERATUIM

0:00 +22 t 4*C
O:ooto 1:00 Transltlon
ltooto 2;15 -49 9 6°C
2:15 to3:15 Transltlon
3:15 to 4:30 +22 t 4*C
4x30to 6:30 Transltlon
5:30to 6:45 +86 t 4°C
6t46to 7:45 Transition
7:45to 9?00 +22 * 4~c

494X435 temperature shock chamber

insulation Reslstance525V $25 Volts PS411447 3,1.1
8000 megotsns atlnhwn; or 66 nms rnaxlrnurn
494 X 199 (Automatic Tester); 372 X 309
Test to be perforned wlthln 30days of recelVt

Dtelectrlc Ulthstandlna Volts (Aooly PS411447 3.1,2
1200 *6O VOC for 2 seconds mlnlmum. MIL-STD-202 Wd. 301
No fltshover or breakdown
494 X 199; 372 X 309

WSUB1 PS411447 3.2.5
There shall bono evidence of
cracking, breaking, loosenino of
Darts or other damatfe, which would
render the connectors unfit for service.
)llcroscope 10X

--- 100Z

--- 100%

---

. . .

100%



PURCHASE”YATERIAL QUALITY PLAN - Continued
FC-91S !iOf II

I
411447

I
-01

I

characterlstlc Is oectfl cation Assoc . Soec c
~LlqN’cjR 1’ 1’

ej, nso. nsoectorl
E@cnnent - (Gage) / Comnents Soec. Section Test Ccuamants

If a)) lot samole connectors pass sequence 040, 050and 060, the lot siinnletests are successful. Continue
to sequncce 070. Markinq. [f any lot siimle connectorfalls seuuence 040, (’)50,or 060 It shall constitute
a total lot failure end all connectors shall be held for dlsposltlon or return to the Vendor. Motlfy QCE
and #Wugment lanadlatelyof fatlures.

MARKING: ITI - Generate Service Request to hiwe Unit 467 Laser Mark Connectors to Orawlng 411447-01. Forward
Tagged Connectors and Request to Unit 487 in Area 35?, Qork Statfon 980*

!!!!u!u
070 CHAR: Laser f4ark Connectors toNeet

Drawing 411447-01 Per l~test 01 and Index

080 CHAR: insulation Resistance 5Z5V *25 Volts PS411447 3.1.1 --- 100%
SPEC: 8WOMeOofms mlnlmum; or 66 namns maximum
EQPT: 494X 199 (AutomaticTester); 372 X 30Y
CCt4TtTest to be DOrfOMW?d wlthtn30 days of rt?celPt.

The followlnq test sequence Is to be followed wkmperfonnlnq IR testlnq on 372 X 309 tester. Testing maybe
discontinuedas smn as the individual pin resistancemeets the 500 namo tntnlmumrequirement. NOTE: Retest
only the pins that fail.

TESTER

372% 309

090 C)wlt

SPEC:
EQPTI

100 CHAR!
sPEct
EQPT:
C@tT:

MLEI ~?fST 3rd TEST 4th.TEST

2 Seconds 60 Seconds (automatic) 48 %C0nti5 10 Seconds

Dielectric withstand~noVolts (Apply PS411447 3.2.1 e .15/-- 10/0
lm *60 VOC for 2 seconds min. MIL-STO-202
No flashover or breakdown Method 301
494x 199; 372X 309

Contact Uesfstance (Aot)ly100 ~ !W) PS411447 3.104 f! .15/-- 5/0
201sllllobs maxlfnum
LCR 6rldqe and IJA6116 with AF394023-(lOd
Test 3 contacts each Of 5 connectors. Id~IIttfyCOtItaCtS on FC-57.
Selected per randaa sample table.

... .



r atje; urnwlm: MJttlx:

PURCHASF’ ‘tATERIALQUALITY PLAN - Continued
FC-Q,* 6of 11 411447 -01

ab[unlt) Seq. o lft Characterist!c /s ifIcatlon Assoc.
E%D&t - (Gage) / Come%

Soec.
lcLIAQLq”/cl’ 1’

el. nso. Insoector
Soec. SectIon Test Contnents

,.

CNAR t

SPEC:

EQPT:
cm:

CHAR 1
SPEC:
EQP1:
cm:

130 CHAR:
SPEC:
EOPTa

140 CNARI
SpECt
EQPT:
Cm$

150 CHAR8
Snc :
EOPTX
cm:

160 CHARI
SPEC1
EQPTt

Contact engaqlnq and seoaratlnqforces PS411447 3.1.3 B .40/- 37/0
@ 5-20 in/mln.
Enqaqemnt force: .5 to 25. oz.
OisenaaaementForce: 1.00z. mlninum
MN31420j-T2796-2
Test 37 contacts

with TID MN314203-T2796-3
on a total of 5 connectors.

Contact Location (.070 + .000- .003 diameter) e ●40/- 37/0
.004 diameter @NMC
MN411447-T1
Ifpartwlll not enter gaqe, oln allonmenttool SK040583-268 follou@d by SK040583-26A
may be used. Part may then be reqaqed. Pln allqnumt tools do not re~ulre calibration.
Record quantity reworked and notify PCE.

Insert arrangement B .40/-
Note 16, 411447-01
357823-GI; Inst. AF260624-000

Pln Olefaeter (13ackEnd) e .40/-
.069+ .002 - .001
HN411447-T3
\OPlns each connector

Pln Olamter (Back End)
.040 +.001 - .001
MN411447-T3
10 Pins each connector

II .40/-

Threads (External) 0 .40/-
1,250-18UNEF
Enqaqe locknut over entire length of thread to assure function.

37/0

37/0

37/0

37/0



raqe; urawlng; Xltttx:

PURCHASEr WTERIAL WALITY PLAN - Continued
FC 7 of 11 411447 -01. Iv

ILab[unlt) Lllaracterlstlc /s Peclflcation AsSOC. spec.
rLp~’”~ ~’n ]’”s

aJe SD*
Eaulwaent- (Gage) / Comants

pectof
Spec. section Test Comaants

VISUAL: SURFACE HARKS, NICKS AM) SCRATCHES CR OTHER SURFACE IMPERFECTI(MIS NOT AFFECTING FIT 01 FUNCTI@t Of PART
ARE ACCEPTABLE.

170 Cllmt
sPtct
EOPTt
cm;

180 cHARt
sPEct
EQPT:
C(34T[

190 CHAR$
SPECI
EQPT:

2W CHAR:

EQPT;

210 CHARC
*P::

220 Cwt
SPcc:

EQPTt

230 CHAR1
SPEC a
EQPT:

8 --- 100s

a --- 100X

Crocks (affeetlng saallnq) B ,40/- 37/0
NoneAllowed
BenchMcroscape As Required
Verlfyby leak check

Yolds [affecting sealing) B .40/- 37/0
None Allowed
8ench HlcrosCope As Required
Verify by lank check

Netal burrs, silvers, particles,etc.
None Allowed
2-3X H&qnlflcatton

Forelgn14aterlal lnGlass (extending
more than 1/2 the distance contact to
to contact orcofitact to Mqe)
10X Microscope

Surface Contmlnatlon
f;m~ Alloued

Raised 61ass
There shall be no glass on the rellefor
underaut area of the olns.
PlfcroscoPa

Surface Flnlsh-EMS Area
32mlcrolnch
Visual surface flnlsh cmarator

8 ..- 100s

n ..- 100%

B ..0 10M
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I t’aqe: I Urawlng: i Suffix:

PURCH D Pt4TER]ALQUALITY PLAN - Conttnucd
FC-914 I 8 of 11 I 411447 I -01

(u~l~) atlon ASS(X
Spec. ”

wec
Section ILLIA”’’L’WI ”’’IKCJ l’nspl-“ Test” Cuune

ASSEHO~Y-..

240 CHAR:
SPEC:
EQPT:

250 CHAR:
SPEC:
EQPT:
Ccula

.&&K~N&

Protective Cap
HS27502-A17A
Wsua?

t3asket
Verify no damaqe
flench #llcroscooe

n .401- 37/0
and no particles over .030 in diameter
and Reticle (use 30X Dower with Reticle) or Toolmaker’s Hlcroscof)e

Part may be cleaned with dry Mltroqen “

260 CHAR: SAlhmber 8 .40/-
SPEC:SA3581
EQPT:Vfsual

270 CHAR:Suffix of Part N@er 8 .40/-
SPEC:Verify
EQPTtVisual

280 CHAR;Sumner’s Trademark 8 .40/-
SPECt Verify
EQPT: Visual

290 CmWC:~;~Code (Ink Stamo) e .40/-

EQPTt Visual
C(MT$ Otlonal

300 CMARtSerial Number
SPECtVerify
EQPT; Vtsual

37/0

37/0

37/0

37/0

e .40/- 37/0
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PIJRCHASf WITERIAL QUALITY PLAN - Continued
FC-9,+ Yof 11 411447 -000

ILab(Unlt) c haracterlsttc /s Oeciffcatton Assoc. soec.

l“l’’”’”ml ‘“ 1’

ejo
Eauloment - (Gaqe) / Comnents Spec. Section Test

WE!!!tL
310 CHAR:Hellum Leak6qe

SPEC: No Leakaqe Allowed
EQPT: Fixture 46D105683A1-P30r -P4(Alt.); 372 X 381

Maximum allowed readlnq Is 2000 dlvlslons,
meter reading times multiplier
(Smple: 40 X50= 2WO)

C04T: Vendor Mot Liable for Leakaqe Less Than 1 X lo-6cc/sec

MECHAMICAL1 171 -~_LLF~C&T~~

ngg CHAR:
SPEC$
EOPT:

3JNJ C&

EQPT:
COUT:

35(.)QCHAR:
SPEC;
EOPT:
C(Mlt

36WJ y;

EOPT:

Keyuay Location
.004 wlfJe@WC
357942-63; Inst. AF26D626-O@

Keyway Width •~
.126 + .005 - .001
356323-G1 MO-GO
Go .001 tolerance check by357942-G3 Sea. 320Q

Keymy Ifldth (4) •~
.063+ ,005- .001
356323-G2 Mo-(io
(lo,001 tolerance check by 357942-63 Seq. 320(J

Inside Olameter (Datum D)
.937+ .005 - .001
357942-04 No-Go & Instr. AF260627
Oo .001 tolerance check by 357942-G3 Sea. 32W

●WRlnq Groove Inside Olameter
1.363 reO05
Ring GageQ/MN315724-T 14

8 m-. 100s

D 6.5/47 8/1

D 6.5/47 8/1

O 6.5/47 8/1

D 6.5/47 8/1

O 6.5/47 8/1



PURCHAS ‘tATENIA1. QUALITY PLAN - Continued
FC-9, ~ I~~~~111::::I‘~:’x:

JLb(u)IsI “te nlt eQ. Qua y Characteristic /s ueclfl cation Assoc. Spec. N/C

IR

ej.
Equipment - (Gaqe] / Convnents sDec, Section Test

380Q Cmlgc:

EQPT;
cm:

EQPT:

QQ MAR:

EQPT:

~ :&c:

EQPT;
CUT:

44(MJ y:

EQPT;

C(ltT:

‘~ ~tog GmOV@Mldth Q 6e5/47 8/1
.090 * .005
Vernier ort)rlll Pins (Go No-Go)

~~oR~q~Depth
D G.5/47 8/1

8ench C&atorwlth Sp@clbl TIo
Pleasuregroove deoth In ao~raxlmate center of qroove

Surface Flntsh “O” Rlnq Groove (Entire Surface)
32 mdcrolnch
Profllooater or Surfanalyzerwlth deep hole orobe

Flaws ‘~ Rln~ Groove
Ninimu&ount
10X Nlcroscope

Keyw8y Nldth
.063+ ●001 - .002
Toolmkers microscope

:e;:;:r:,:~nt to”O” rlnrj qroove Iedqe

Iinch Comparator, Vernier or Depth Wcrofueter

Clackend1.0.
1,016- 1.021
5et Insld8 Calloers Go/No-Go
Recooaaendsettlnq callper with Optlcal Comparmor

Backend Oepth
To be detenntned
Bench Comparatoror OePth Hlcrometer

Inside Olametcr (Nodlfled Wnor)
1.016- 1.021
Set Inside CallDers Go/No-Go
Reconrnendsettlnq calloer with @tlcal Comparator

c *.- 15/0

0 6.5/47 8/1

c . . . 15/0

O 6,5/47 8/1

c --- 15/0

c --- 15/0

c --- 15/0



PUllClfASF i4TERIAf. CUALITY PLAN - Continued
cr-Q ,- l;::,ll:::”: 1’::”
.“. .-.

msnc I mclflc [iona ASSOC . b ec Inspect I
(Gage) / Cements Spec. Siction

~t,.”,m, NIL ,Kel ,1
“ T%” Consaen;f

~ CHAR$ 8a~net Pln Location(3) O 6.5/47 8/1
SPEC: .006 Dlameter@WlC
EQPT: 357942-G2 InstructIon;AF260625-000

~ CHARi Oeck Helqht to Pins
SPECi ,341 + .010 - .010
EQPT; 9181 depth lndlcator
CCUT: Pins are fraalle

C ..- 15/0

lab c ..- 15/0

EQPTt

**THE c~MEc~~ Mm MIHI~uM Acc~f)TA~E RE~I~~ME~T$ ~~ ~E ~LL

THE FULL LENG7HAN0 THE REMAININGWLL KEYUAYSACCEP1 THE NO-GO
@tE-TMIRD THE FULL LENGTH.

c . . . 15/0

KEYHPY ACCEPTS ITS N&GO GAOE
GAGE NOM(XtE THAN APPROXIMATELY
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APPENDIX D

Evaluation Parameters
Proof of Development Build

D-1, D-2



Subjeck MC4196 ENVIRONMENTAL TESTING (Process Development Activity)

Purpose of Endeavo~ To complete environmental testing of SRAM 11 MC4 196 LACS at low
(-55 ‘C) and high (+85 “C) temperatures. All previous environmental testing has been performed
at room temperature only. This testing will provide somewhat of a data base to determine the
performance of the MC4 196 Varistor LAC in SRAM 11 environments.

Environments: Mechanical shock (-55 0C/+94 ‘C), random vibration (-550C/+85 ‘C) and thermal
cycling.

PERFO RM ELECTRICAL TESTING ON ALL 16 LACS BEFORE EXPOSURE TO
ENVIRONMENTS
Electrical Test Sequence (IR @ 125 V / FRB / DCW @ 100 V / IR ‘@ 125 V)

MECHANICAL SHOCK

Mechanical shock. The provisions of 9958003 shall apply. Prior to mechanical shock stabilize the
LAC at specified temperature for two hours minimum and perform shock test as soon as
possible after removal from temperature chamber (test must be performed within 10 minutes of
removal from chamber). The LAC shall be mounted in the test fixture and shall be subjected to
a shock in the +X, +Z, and -Z directions as defined in Figure 1. Shock per Table 1 while
stabilized at the specified temperature.

NOTE

AFTER EACH SHOCK, ELECTRICAL TESTS SHALL BE PERFORMED AS
FUNCTIONAL CHECKS ON EACH LAC.

Table 1. Mechanical shock

Peak Amrditude Duration

375g (t 55g) 6.0 ms (~ 0.90)
Electrical Testing (IR @ 125 V)

475g (t 7og) 6.0 ms (f 0.90)
Electrical Testing (IR @ 125 V)

575g (t 85g) 6.0 ms (t 0.90)
Electrical Testing (IR @ 125 V/FRB/IR @ 50 V)

Amroxirnate
S!MI!!? Temr)eratur~

Haversine -551+94°C

Haversine -55/+94

Haversine -55/+94

D-3
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Page 14
Issue A

AXIAL

+Z t

I ~ LATERAL

9

-x—-P-
1
1

●

I
-z

NOTES:

1. +Y and -Y axes are mutually perpendicular to +X and
-X in the lateral axes.

2. Lateral orientation optional as long as it remains
mutually perpendicular.

FIGURE 1

D-4



4 MC4196 LACS 4 MC4196 LACS
Mech. Shock @ .55°C Mech. Shock @ +94°C

1) 903-D04-H90 903-DO1-H90
2) 903-D07-H90 903-D08-H90
3) 903-D1O-H9O 903-D17-H90
4) 903-D13-H90 903- D23-H90

RANDOM VIBRATION

Vibration Random. The provisions of 9958004 shall apply. The LAC shall be mounted in the test
fixture and subjected to 30 minutes (minimum) of random vibration in the X and Z directions,
while stabilized at the specified temperature (2 hrs minimum stabilization time). Vibrate per
Figures 2 and 3.

Perform electrical testing (IR @ 125 V/FRB/IR @ 50 V ) after completion
of vibration defined in Figure 2 (X and Z direction) and again after
vibration defined in Figure 3 (X and Z direction).

4 MC4196 LACS 4 MC4196 LACS
Random Vib @ -55”~ Random Vib @ +85 “C

1) 903- D03-H90 903- D09-H90
2) 903-D05-H90 903-DII-H90
3) 903-D06-H90 903- D12-H90
4) 903-D27-H90 903-D15-H90

TEMPERATURE CYCLING

Temperature Cycling. The MC4 196 shall
below.

Perform electrical
temperature cycle

Time. Hr.s:Min

000

0:00 to 1:00
1:00 to 2:15
2:15 to 3:15
3:15 to 4:30
4:30 to 5:30
5:30 to 645
6:45 to 7:45
7:45 to 9:00

be subjected in air to the temperature cycle defined

Temperature

+22 f4 “c

Transition
-49 ~6 ‘C
Transition
+22 *4 ‘c

Transition
+86 f4 “c
Transition
+22 *4°c

testing (1R @ 125 V) after every eight repetitions of the
defined above (8, 16, 24, 32, 40, 48, 56, 64 and 72).

All LACS surviving mechanical shock and random vibration shall be subjected
to temperature cycling. ELECTRICAL TESTING WILL BE PERFORMED ONLY ON
THE LACS LISTED BELOW AFTER EVERY EIGHT CYCLES. If no LACS survive
additional LACS will be provided for temperature cycling.

D-5
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●1

POWER
SPECTRAL

ED NSITY
g /Hz

.01

.001

(woo,.(n)

loJ21)

10 100 moo

FREQUENCY, HZ

FIGURE 2 - VIBRATION SPECTRUM (See 3.3.2.1)
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1

.1

POWER
SPECTRAL
DENSITY,
~2 HZ

.01

.001

(800,.90)

(lo,.029)

(2000,.90)

10 100 1ooo

FREQUENCY, Hz

FIGURE 3 - VIBRATION SPECTRUM (See 3.3.2.2)
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TEST SAMPLES

903-D04-H90- Mech. Shock @-55
903-D10-H90 - Mech. Shock @-55

903-D08-H90 - Mech. Shock @+94
903-D23-H90 - Mech. Shock@ +94

903-D03-H90 - Random Vib.@ -55
903-D27-H90 - Random Vib.@ -55

903-D11 -H90 - Random Vib.@ +85
903-D15-H90 - Random Vib.@ +85

After temperature cycling perform thefollowingElectricalTests:

IR @ 125V/FRB/IR @ 50 V

D-8
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PROMJCIBIL17Y ASSESSMENT SUMMARY

PROGRAM W89 SRAM II (WO PRODWCTENGINEER: Grea Gabert

DESIGNAGENCYENGINEER: Paul Konnick

PRODUCT: UC4196 (LAC) DATE: 07/10/91

OVERALLRATING: A REVISION: 1 PREVIOUSRATING: R

COMENTS:

The MC4196 Lightning Arrestor Connector is used on the W89 Sram II Weapon System. The
design of the ~C4196 includes the SA3581 connector shell which GEND will procure from
BCO. The MC4196 will be combined with the SA3642 surge suppressor at BCOsnd form the
MC4078 connector sssawbly which will be supplied to KCD.

The MC4196 is similar to the MC3592 but will utilize laser welding to replace an
internal retainer ring. The varistor material used in the MC4196 will utilize a new

chemical preparation. The encapsulant msterial is more rigid in this design due to the
DEA curing agent. The pins in the SA3581 connector sre a two-piece design.

The MC4196 will use the PT3290 tester which does not have nine track capability at this
time. All tooling, gages snd testers shall be identified by drawing and suffix so WR
units can utilize the same equipment used for product development. Connectors ass~led
at this time indicate an 98% yield ●nd further refinements have been identified. The
drawing package for the NC4196 has been transferred to ClEND. OR and DF drawings have
been received. Changes hsve been completed for the Product Specification, PT3290 test
program and tester operating procedures at this time. The PT3290 has been released for

‘roduct build.

Based on the above information, the Producibility Assessment overall rating is declared
an SAa.

PROOUCIBILIIY CODES
A. Employs standard t@D cspabllitios.

B. Roqulros tochniquos/oqulpmwnt now to MD,
but ●otabliohod .Ioowhoro ●nd obtalnablo.
Looks roasonablo.

c. Roqulros dovolopmwnt of now t.chnlquos.
A roasonoblo ●pproach with tho rwquirod
●chodulos ●xlots such that ● eeani-nt
to WR i. ● n ●ccoptablo risk.

D. Tho known techniquoo/oqui wmnt when prossod to the
ultimti ar. ~rslnal.t~.st ●ndcanb..xp.ct.d
to glvo problem In yield/qus~ity/cost control/
●nd schodulo porformanco. Sianlficant improvomwnt
roquirod boforo c~ittlng to WR production.

E. A tochniquo doss not ●xist. On. must b. dovolopac!
This cmtwgory rwqulrow ● running ●stimwtw of the
tlmw boliovod to b- nowdod to develop ● t.chn;quo.

1. Inadoquato crit.ria ●vaiiabio to permit ●ssessment

APPROKW:
Manager, Product Engineering

CLASSIFICATION: LJNCLASSIFD

AUTHORIZATION: DA7E:

E-3



UNCLASSIFIED
CLASSIFICATI

AUTHORIZATION

PRODUCIBILIIYASSE NT

WORK SHEIX

PROCRAM W89Sram II

PRODUCT MC4196 fLACl

PROMJCTENGINEER Qrea &bert

DAE 07/10/91

EST . ~:
FINAL c CABERT, Product Engineer~~~ E. FIUJEREDO, Progranhl ager

couP/ MAT‘L AsM./ INSPEC. EQUIP. YIELDS OTHER D EDWARDS,Prod. Engr. />W. WASHINGTON,Dev, Engr, . .
ASM COMPO. PROC . TEST R WHITE, Producibility Engr. G. RCWIK, QA Engr.

$%’

lonnec-
tor A N/A A A 95% Purchased from Bendix

EB A A A A 99% Manufactured - CEND

Iespe I
Disc A A A A 95% Manufactured - CENO

ref I on
Disc A A A A 95% Manufactured - GENII

‘inal
Assy A A A A 99% Assemb I ed - CEND

rest
Reqt A A A A 97% Tested - CEND

A. ~PiOYO ●tmndard NODe~p~bllitias

B. Roqulros twchnlquww/oqul pmmnt nmw to NDD, but owtab-
Iiohwd .Ismvhoro ●nd obtolnable. Looks reasonable.

C. Rwqulros dovolopxmnt of w twchnlquww. A roasonablo E.
●pptooeh compotlblo with thormquirmd ●chodulos ●xlsto
●uch that coumittaont to SR 10 ● n ●ccoptablo risk.

I. InwJmqu.tm eritiri~ svai loblo to permit ●ssessment.

D, quww/wqulznt when prwwswd to thw ultlxmto
● ro mwrginal ●t bwst, ●nd can ba .xpwctwd ti. $lVO p~oblwms

in yield/quslity/cost control ●nd cchodulo porfommnco.
Significant improvmnt roquirwd boforo comlttlng U M
productl on.

A tuhniquo doow not .xl*t. On. must b. dmvolop.d. This
category roqulrww s running .stlmtw of tho timw ballovod
nmadwd to dovolop the tmchnlquo.



CLASSIFICATY’”’NK\ASSIFIED
AUTHORIZATION,.

DATE

PRODUCIBILIIY ASSl_ ‘ENT

WORK SHEEI

PROGRAM w 9 Sram 11

PRODUCT ~
PROLXJCT ENGINEER Grea Gabert

DAE 04?/10/91

A.

B.

c.

PI
&l

coMP/
ASM

;onnec-
tor

fEB

respa I
Disc

Iespa I
Disc

‘inal
Assy

rest
Raqt

AT’L
OMPO.

A

A

A

A

A

A

sM./
ROC.

N/A

A

A

A

A

A

NSPEC.

EST

A

A

A

A

A

A

Eaployxotondmdt OD capabllltloo

EQUIP .

A
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FILTER CONNECTOR
1

SA3642

.

LAC COMPONENTS LAC CONNECTOR
IAC / SURGE

# A PROTECTORn
Y

MC4198
MC4078

LAC SUBASSEMBLY I

SA3581
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MC4078 SOURCE DEVELOPMENT PIAN

● DEFINE REASONS FOR ALTERNATE SOURCE DEVELOPMENT

● DEVELOP LIST OF POSSIBLE SUPPLIERS

● ESTABLISH A GRADING SYSTEM FOR SOURCE EVALUATION

REDUCE THE LIST BY CURSORY SURVEY

ISSUE RFQ INCLUDING TECHNICAL PROPOSAL

EVALUATE PROPOSALS- CHOOSE POTENTIAL SUPPLIERS

VISIT POTENTIAL SUPPUERS

PERFORM FORMAL SURVEY

ORDER AND EVALUATE FIRST DEVELOPMENT HARDWARE

ORDER AND EVALUATE SECOND DEVELOPMENT HARDWARE

CONDUCT QUALIFICATION EVALUATION
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IAC CONNECTORS

REASONS TO DEVELOP AN ALTERNATE SOURCE

SUPPLIER ENGINEERING SUPPORT HAS BEEN REDUCED

CHANGES IN KEY PERSONNEL

LACK OF TIMELY FEEDBACK

FOCUS ON HIGHER VOLUME PRODUCTS

INADEQUATE UP-FRONT PLANNING

INSUFFICIENT COORDINATION BEIVVEEN GROUPS

QUALITY PERFORMANCE HAS SUFFERED

LOW YIELDS

NOT OPERATING PER PROCEDURES

IACK OF PROCESS CONTROL& TRAINING

SCHEDULES HAVE NOT BEEN MET

PRICES HAVE INCREASED

BCO’S FINANCIAL PERFORMANCE HAS SUFFERED

SALES/PROFIT REDUCTION

IAYOFFS

WE HAVE NO OTHER DEVELOPED SOURCES

E-8



POTENTIAL SUPPLIERS FOR IIK4078 IAC

AVIBANK MFG INC.

CINCH

CONNECTOR INDUSTRIES OF AMERICA

DEUTSCH CONNECTING DEVICES

G&H TECHNOLOGY INC.

HERM~lC SEAL CORP.

ITT CANNON

JERRIK

SABRITEC

SEALTRON

BURBANK, CA

MINNEAPOLIS, MN

CINCINNAITl, OH

BANNING, CA

CAMARILLO, CA

ROSEMEAD, CA

PHOENIX, AZ

PHOENIX, AZ

IRVINE, CA

CINCINNATI, OH
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hflC4078 SOURCE DEVELOPMENT

FACTORS IN JUDGING POTENTIAL SUPPLIERS

QUALITY OF OPERATION

DEMONSTRATED PERFORMANCE

PROGRAM FOR CONTINOUS IMPROVEMENT

DELlVERY HISTORY

DOCUMENTATION AND RECORDS

MATERIALAND LOT CONTROL

STATISTICAL ANALYSIS CAPABILITY

MANUFACTURING CAPABILITIES

MOLDING WELDING TESTING

PU4TING SOLDERING FUSING

MACHINING FIXTURING

COST AND DELlVERY

ENGINEERING SUPPORT

STAYING POWER
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MC4078 SOURCE DEVELOPMENT
SANDIA TRAVEL COST

FTE FOR
NO. OF NO. OF TRAVEL

MO YR PEOPL SITES $ ALONE
GRADING SYSTEM REVIEW 12 91 2 1 1000 0.02

EVALUATE PROPOSALS 5 92 2 1 1000 0.02

SUPPLIER DECISIONS 5 92 6 3 9000 0.21

PARTS IN PROGRESS 11 92 3 2 3000 0.07

PARTS COMPLETE 2 93 3 2 3000 0.07

PERFORMANCE REVIEW 6 93 5 1 2500 0.06

PARTS COMPLETE (WELDING SITE) 7 93 4 1 2000 0.05

DESIGN REVIEW 9 93 6 1 3000 0.07

PARTS IN PROGRESS DEV II 3 94 3 2 3000 0.07

PARTS COMPLETE DEV II 9 94 3 2 3000 0.07

PERFORMANCE REVIEW DEV II 12 94 5 1 2500 0.06

PARTS COMPLETE (WELDING SITE) 1 95 4 1 2000 0.05

PRE-QUAL REVIEW 4 95 6 1 3000 0.07

QER 5 96 6 3 9000 0.21

TOTAL 47000 1.08

COST BASIS $500/PERSON/SlTE
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UC SOURCE DEVELOPMENT us
ml% us m KS

STEP MTE FTEsmvlas REos TOOLINQ TRAVEL
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